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THE STORAGE AND USE OF SOIL MOISTURE. 
BY W. W. BURR.* 
INTRODUCTION. 
The profitable cultivation of the non-irrigable lands in west 
central and western Nebraska is limited by the amount and 
efficient use of the precipitation. There .are tracts of land in the 
sand hills and minor tracts of badly worn heavier soils where 
the need of soil fertility is becoming evident. But, in the main, 
the great problem at present is not one of soil fertility, but of 
how to get enough water to make use of the fertility now present. 
The rainfall of this section, which varies from an actual short-
age to seldom more than a meager sufficiency, makes it impera-
tive that the best use be made of the water that falls. He who 
most economically gets the greatest use of the rainfall is truly 
the best farmer from the standpoint of production. 
This bulletin is largely concerned with problems relative to 
the accumulation and use of the soil water. In presenting the 
results shown in the bulletin, we have endeavored to select that 
portion of our soil moisture studies which may have the most
practical application. And we ask that it be read carefully and 
that the tables showing weather conditions· be consulted in order 
that one may not draw the wrong conclusions from any data 
offered. It is imperative also that the type of soil on which this 
work has been carried on be kept in mind. Any variation in the 
soil type will probably vary-in that same degree-the results 
obtained. The work which we are offering has been done in the 
* Detailed from the Office of Dry Land Agriculture, U. S. Department 
of Agriculture. Formerly Associate Professor of Soils and Crops at the 
North Platte Substation. 
The data presented in this bulletin have been obtained by the North 
Platte Substation in cooperation with the Office of Dry Land Agriculture 
and the Biophysical Laboratory of the Bureau of Plant Industry, U. S. 
Department of Agriculture. Charts III, IV, VII X to XV,inclusive, are 
reproductions of regular soil moisture charts from the Office of Dry Land 
Agriculture. 
The author is indebted to Messrs Fritz Ullrich, S. B. Noland, and V. 
V. Burr for assistance rendered in taking soil samples. 
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A popular edition of this bulletin is issued as Bulletin 140. 
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field under field conditions and has been subject to the same 
detrimental or favorable factors that are common to all fields 
under like conditions. 
It is not our aim in offering this work to teach actual farm 
practices affecting crop production, but to discuss underlying 
principles and show the effect of certain conditions. The ap-
plication of these principles to the farm practices must be left 
to the farmer. We can show that a certain surface condition is 
more efficient than some other condition in catching water from 
rains. We also show that weeds use the water. It is left to the 
farmer to apply the principles. He may stack his grain and plow 
his stubble ground, or he may use the disk after the binder. If 
he can kill the weeds and get the surface in condition to hold 
moisture by either method, he has applied the principle. Local 
conditions on the farms vary so much with locality that it wonld 
indeed be hard to discuss the practices. In one section the 
problem would be to increase the yields of grain for the market 
and in another it would be to get feed for live stock In order to 
bring farm practices up to the point of greatest efficiency it is 
essential that the farmer understand the conditions under which 
he is farming and the principles affecting the practices. A thoro 
knowledge of the prevailing weather conditions, soil conditions·, 
and nature and requirement of crops is essential. He can then 
work out the most economical practices. 
From the standpoint of storing moisture in the soil, we have 
found summer tilling, which is clean cultivation without any 
crop for a season, the most ideal way in which to store moisture. 
When the rainfall of a season is insufficient to produce a prof-
itable crop, it may be better to summer till than crop every year 
and thereby store a small portion of one season's rainfall to use 
with the rainfall of the following season for the production of a 
single crop. In other words, "to use not two years' rainfall for 
one crop," but rather a small portion of the firs,t year's rainfall, 
added to a somewhat larger portion of the second year's rainfall 
for the crop. Our invest,iga.i:ion shows that it is only under 
favorable conditions that as much as 33 per cent of the rainfall 
of one season can be carried over to the next and that during 
the most unfavorable season only 10 per cent was carried over. 
Probably not more than 60 per cent of the second year's rainfall 
is utilized by the growing crop, and it is probably safe to assume 
that considerably less than one year's rainfall is fully utilized 
for crop production under the best system of summer tillage. 
Summer tilling is a system that has been practiced for a long 
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time in the drier sections of the country. Altho this method 
of utilizing moisture is seemingly an exceedingly wasteful one, it 
is probably the best one devised for some crops, soils, and cli-
matic conditions. It is obvious that it will hardly be profitable 
to summer till a shallow soil, for in such soil s the effect of culti-
vation is of little value in storing wa.ter. Where there is a layer 
of hardpan, gravel, rock, or sheet water close to the surface, the 
amount of water which the shallow layer of soil above this 
stratum will hold is so limited that probably one good r ain would 
saturate it. It is useless, therefore, to keep it clean cultivated 
thru an entire season for the purpose of storing water. Crops 
grown on this type of soil are almost entirely dependent on 
seasonal rainfall because of the verv limited amount of t water 
which so shallow a soil can hold. We cannot store sufficient 
water in so shallow a soil to carry the crop t hru a long dry spell. 
As soon as the moisture stored in the soil is used, crops will 
suffer or die, according to the duration of the drouth. On the 
deeper so ils. however which prevail over the greater portion of 
the central and western part of the State, it is possible under 
normal weather conditions to store a cons,iderable amount of 
moisture as a safeguard to the crop against drouth. 
Where it is not desired to summer till, the same principles 
should always be applied. The preparation of the seed bed for a 
crop should begin as soon as the preceding crop is off the ground. 
Usually, the longer the seed bed is prepared and kept in proper 
condition, the greater is the amount of water stored. The seed 
bed will also be firmer and in better condition for the crop. 
,Judgment must always be used in doing the work. If a soi l is 
inclined to blow, keeping the surface bare and cultivated for 
any considerable time might be detrimental. If the soil is 
heavier, it can be cultivated with a clean surface without danger. 
If t he soil is so dry that plowing requires an extra amount of ex-
pensive lahor, it is probably better to disk All of these to-
gether with available horse power and help and the amount of 
urgent work on hand, are local problems which only the farmer 
can solve. Too much labor put on a field may be unprofitable. 
The aim should be to use such tools and do the work at su ch a 
time as to obtain maximum water storage and a compact seed 
bed with the lowest expenditure of labor
The principles of storing water may be summarized in a few 
sentences. The surface should be kept in condition to catch the 
rains. It should be cultivated to keep it loose and rough thus 
reducing evaporation and preventing bl owi ng. The weeds should 
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be kept down so far as possible both before and after seeding, to 
prevent their use of water. 
Crops which will withstand considerable drouth or escape 
drouth by maturing early are recommended. 
Live stock as a medium for marketing the crop, and to in-
sure an income during unfavorable years is essential to the 
success of a dry-farmer. 
This bulletin is concerned with problems relating to a greater 
use of the water that falls. Results of tests made relative to 
other phases of crop production in this section are given in 
Bulletin 135 of this Station. 
SUMMARY. 
1. The maximum amount of water that the soil on the North 
Platte, Nebr., Substation farm will hold under field conditions 
is from 16 to 18 per cent of its dry weight. 
2. The minimum point to which crops can use the water from 
the soil for growth is about 7 to 8 per cent based on the dry 
weight of the soil. In other words water in the soil above 7 or 8 
per cent is available for plant use. 
3. Summer tillage is the most efficient means of storing water 
in the soil. 
4. The amount of water that can be stored in the soil in one 
year by summer tillage is influenced by a number of factors . On 
the same soil it is largely governed by the amount and distribu-
tion of the rainfall, the effectiveness of the tillage, and the 
presence or absence of a gro,wing crop. 
5. From 10 to 33 per cent of the seasonal rainfall has been 
stored annually by summer tillage at the Substation during the 
past six years 
6. In favorable seasons the soil has been practically filled 
with water to a depth of six or seven feet by summer tilling. 
7. During the most unfavorable year the bes,t summer tilled 
land accumulated water to a depth of only three feet. 
8. The distribution of the rainfall is almost as important from 
the viewpoint of storing water as the total amount of rain. 
9. Water is accumulated most rapidly when the rains are so 
frequent that the surface is still wet from one rain when another 
comes. 
10. An inch of rain falling on a very dry surface will seldom 
wet down more than six inches on this type of soil. 
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11. A rain of one-half inch is of no value in storing water, 
unless it comes while the surface is still fairlv moist from a 
preceding rain. 
12. Water is carried into a mo,ist soil much more rapidly 
than into a dry soil. 
13. A cultivated surface will retain more water from a rain 
than a surface not cultivated. 
14. The faster the rain falls, the greater is the difference be-
tween the amount of water held from a rain by a cultivated sur-
face and that by a surface not cultivated. 
15 Plowing seems to be better than disking for accumulating 
water in the soil. 
16. Disking small grain stubble to kill weeds and stir the 
surface has generally been effective in accumulating water in 
the soil. 
17. A mulch of several inches of hay or straw is more efficient 
than a soil mulch in storing water. 
18. Corn, oats, spring wheat, and bar1ley use water from the 
first four or five feet of soil. 
19. Winter wheat uses water to a depth of six or seven feet 
20. Corn grown in rows and cultivated does not dry the soil 
so thoroly as do the small grains.
21. The indications are that plants obtain water from the soil 
by the growth of the plant roots into the moist soil. Very little 
water is brought to the plant roots by capillary movement. 
22. Under normally favorable conditions, growing vegetation 
is a greater factor than surface evaporation in removing water 
from soil which previously has been filled with water. 
23. Weeds are frequently the most effective agents in remov-
ing available water from soils and in preventing the storage of 
water for the use of other plants. 
24. A mulch three inches deep is more efficient in reducing 
surface loss of water during a prolonged dry spell than a shal-
lower mulch. 
25. Alfalfa, once well established on this type of soil, will 
obtain water from the sheet water where it is within twenty to 
thirty feet of the surface. 
26. Capillarity is an effectual agent within certain limits, 
when operating close to a supply of free water. It may be an im-
port.ant fact.or in crop production where sheet water is close to 
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the lower limits of the soil zone occupied by the roots of the 
crop
27. Away from a source of free water and in a soil partially 
dry, capillary movement has not been detected. 
2S. Water supply by capillarity is not an important factor in 
crop production on Nebraska upland soils. 
29. The indications are that it requires almost twice as much 
water to produce one pound of dry matter in small grain in an 
unfavorable season as is required in a favorable season. 
30. A year that is unfavorable for small grain is, no,t neces-
sarily unfavorable to corn as the drouth which injures one may 
not extend into the most rapid growing period of the other. 
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THE STORAGE. AND USE OF SOIL MOISTURE. 
Studies relative to soil moisture have been carried on at the 
Substation since the spring of 1907. The purpose in starting the 
work was to determine the most efficient and economical methods 
of storing water in the soil, the amount of water required to 
produce crops, and to study the use or loss of water from the 
soil. 
GENERAL CONDITIONS. 
Part of the land used in making these studies is bench or 
second-bottom land, and part is table-land. The soil on the table-
land is similar to that on the bench. On the bench land, sheet 
water is only twenty to forty feet below the surface. Subirriga-
t ion takes place on the bench land with deep-rooted plants like 
alfalfa, but has not been found to affect any other crops. On 
the table-land, sheet water is from 200 to 250 feet below the sur-
face, and crops cannot get water by subirrigation. This absolute 
dependence of the crop on surface precipitation gives the best 
conditions for the study of soil moisture. 
TYPE OF SOIL. 
The soil on the farm is a fine sandy loam, commonly known 
as loess. The native vegetation is mainly buffalo and grama 
grasses. The soil is free from gravel and is easily tilled. The 
mechanical character of the soil is fairly uniform to a consider-
able depth, the most noticeable change being less organic matter 
in the subsoil, indicated by a change in the color of the soil. This 
change in color begins in the third o,r fourth foot. Mechanical 
analyses have been made to a depth of three feet. 
The following table gives the results of eight analyses: 
TABLE 1.-Mechanical composition of upland soil at North Platte, Nebr. 
ANALYSES MADE BY THE BUREAU OF SOILS, U. S. DEPARTMENT OF AGRICULTURE. 
Depth of Organic Fine Coarse Medium Fine Very fine Silt sample matter gravel Sand sand sand sand 
Feet Per cent Per cent Per cent Per cent Per cent I'er cent Per cent 
1 2.1 0 .1 Tr. 1.5 52.5 36.1 
2 1.0 Tr. .0 .0 1.4 50.8 36.1 
3 .8 0 .1 .1 9.2 43.2 34.0 
1 1.7 ,; 0 .3 .1 q 48.9 38.6 
2 .3 0 .2 .1 2.7 55.4 32.5 
3 .2 0 .0 .1 1.6 58.2 30.4 
1 .9 0 .3 .1 2. 1 51.0 36.1 
2 .9 0 .1 .2 12.3 37.8 40.6 
3 .4 0 .1 Tr. 3.6 42.9 42.3 
1 .7 0 .1 .1 5.8 43.8 43 .2 
2 .5 0 .1 .1 5.0 44.7 42.0 
3 1.0 0 .1 .1 8.2 42.7 39.2 
1 2.4 0 .2 .2 6.9 43.1 42.8 
2 .5 0 .1 .1 6.0 43.4 42.7 
3 .6 0 Tr. .0 4.4 40.7 45.8 
1 .5 0 .7 .3 10.1 43.5 35.8 
2 .8 0 .2 .3 8.3 42.6 37.1 
3 .7 0 .1 .1 5.6 44.0 36.6 
1 1.0 0 .2 .2 3.6 42.8 43.6 
2 .9 0 .1 .1 6.0 46.3 36.4 
3 .8 0 .1 .1 4.1 46.9 35.3 
1 1.0 0 .4 .2 14.1 38.7 38.4 
2 .8 0 .4 .2 6.6 45.5 36.1 
3 .2 0 .1 .1 4.0 49.6 31.2 
Clay 
Per cent 
10.5 
11 .9 
13.3 
7.3 
9.1 
10.0 
10.3 
8.6 
10.5 
6.3 
7.5 
8.9 
5.8 
6.7 
8.1 
9.3 
11.2 
13.3 
9.2 
10.8 
13.1 
7.5 
10.8 
14.5 
,.... 
Is:> 
i:tl (1) 
"" ~
1 
b:I 
~ 
~ 
.,.., 
~-
~ 
<:.>-, 
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From Table 1 we note that the soil has a lo,w per cent of all 
material coarser than very fine sand. This, with the low per 
cent of organic matter, would indicate that the soil would bake 
or crust badly. However, the soil is easily tilled, this being due 
probably to the correspondingly low per cent of clay and the 
comparatively large per cent of very fine sand. Little trouble 
has been experienced with the soil baking or crusting badly ex-
cept in the spring of 1912. After the melting of the heavy snow 
late in the spring of 1912, the soil crusted badly and cracked to 
a depth of several inches. 
In considering the work given in this bulletin, it is important 
that one should not lose sight of the character of the soil on 
which the work was done. It is not probable that the same re-
sults will be obtained upon soils of widely different character. 
DEPTH OF SAMPLING. 
When the work was started, samples were taken to a depth 
of only three feet . As the work progressed, longer tubes for 
sampling were procured, until samples were taken to a depth of 
fifteen feet. The reason for the deeper sampling was to find a 
point where the moisture content r emains constant, where it 
would not be affected by the tillage or by growing crops. It was 
necessary to do this deeper sampling in order to determine how 
far the moisture from the surface would move downward, and 
whether water left in the soil below the reaoh of the crops for 
one season might not move upward into the feeding zone of the 
following crop. We have found from a large number of samp-
lings that frequent deep sampling is not necessary on this "hard" 
land, under continuous cropping, except during seasons of 
abnormally frequent and heavy rains. The available water is 
confined to a few feet of soil at the surface. Our aim is to sample 
deeply enough to include the whole zone in which the movement 
of water affects crop growth. 
WATER IN THE SOIL. 
In order better to understand the work presented in this· bul-
letin, a brief discussion is given of the water found in the soil. 
Water is found in the upper strata of the soil in three condi-
tions: 
1. That which is absorbed by the soil particles from the water 
vapor of the air-called hygroscopic water
2. That which is held by surface tension as more or less 
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thickened films around the soil grains, and in the small pore 
spaces between the soil particles capillary water. 
3. That which is being drawn downward thru the soil by the 
pull of gravity-called gravitational water. 
HYGROSCOPIC WATER. 
Hygroscopic water is that which an absolutely dry soil will 
absorb when exposed to a moist atmosphere. The amount of 
water a soil will absorb from a saturated atmosphere depends 
mainly upon the temperature and the type of the soil. The finer 
the soil pa.rticles, the more water they will absorb. This water 
is held in the soil as thin films around the soil particles. It is 
of no value in furnishing water to agricultural plants. It prob-
ably has a beneficial action in bringing into solution some of the 
plant food material held in the soil, on account of its, close con-
tact with the soil particles. From determinatio,ns that have been 
made in the laboratory and from studies made under field con-
ditions, the conclusion has been reached that plants are not 
able to use this moisture for growth. 
CAPILLARY WATER. 
Capillary water, or that which is held against gravity in the 
small pore spaces and adhering as thickened films to the soil 
particles, is the source of supply to growing vegetation. This 
water may move in any direction in the soil, but its movement is 
slow. It moves thru the soil much the same as oil moves along a 
lamp wick. As some portion of the soil becomes: drier, the films 
of water around these soil particles become thinner, exert a 
greater force, and consequently draw some water from the ad-
joining particles of soil. T'he films around these particles in turn 
draw from the next and so on, moving the water slowly from the 
more moist to the d1·ier po,rtion of the soil. If the loss of water is 
checked, the movement of water will cease as soon as the soil 
particles at the drier portio·n have received sufficient water so 
that they can no longer exert a stronger force than the adjoin-
ing particles. 
From the standpoint of crop production we are interested 
almost wholly with the water that is held by capillary force 
within the soil zone occupied by the plant roots. The movement 
of water thru the soil by capillarity i.s so slo,w that it is practi-
cally useless in bringing water from a lower soil area for the 
11se of a growing crop. The rapid use of water by crops, espe-
cially during seasons of drouth and increased transpiration, re-
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quires more water than can be supplied by capillarity. Plants 
will suffer and die under extreme conditions after having used 
the available water within reach of the roots, even tho there is 
additional water in the soil immediately below. Under a system 
of alternate cropping and summer tilling we have found an ac-
cumulation of water just below the feeding zone of the crops. 
During dry seasons when the crops have been suffering for mois-
ture this water did not move upward by capillarity in sufficient 
quantity to be of material benefit to the crop. There is no evi-
dence that it will replace to any considerable extent during an 
interval of even several months the water removed from an upper 
soil zone. This is true on soils separated by a considerable dis-
tance from a supply of free water, as sheet water. Where there 
is a constant supply of free water, there will be a rather rapid 
movement of water for a certain distance thru the soil, depend-
ing upon the type and compactness of the soil. 
The frequent, rapid drying of several inches of soil at the sur-
face has in some cases been accounted for thru the quick move-
ment of water by capillarity. It seems to indicate a more rapid 
movement than is found in the lower soils. There is, doubtless, 
an increased movement due to higher temperature, but the greater 
circulation of air in the soil near the surface is a large factor in 
the rapid drying of surface soils. 
GRAVITATIONAL WATER. 
As a soil becomes more and more nearly saturated, it reaches 
the point where gravity exerts a stronger pull than surface ten-
sion. Water then begins to move downward thru the soil and 
tends to connect with the ground water or sheet water below. 
When the ground water is at a great depth, as it is on most of 
the table-lands, it is decidedly doubtful if any surface water
ever reaches it. When the surface soil becomes oversaturated 
with water, the downward movement of the water continues 
until, by distributing the water thru a larger body of soil, the 
force of gravity is finally equalized by the capillary power of the 
soil. 
MAXIMUM WATER-HOLDING CAPACITY OF A SOIL. 
'l'he maximum water-holding capacity ' of a soil is the amount 
of water that soil will retain against the pull of gravity. When 
water is added to a soil in suffi'cient amount, the films of water 
around each soil particle become thickened, and the small spaces 
between the soil particles filled with water In the addition of 
]6 
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water a point is reached where the attraction of gravity over-
comes the force that holds the water to the soil particles, and the 
water is drawn downward into the lower soil. If no more water 
is added, a point is reached where the pull of gravity is, equaled 
by the force that holds the water to the soil and there is no 
further movement except by the slow action of capillarity. The 
amount of water in the soil at this time is t ermed "maximum 
water-holding capacity" or "saturation point." 
The amount of water a soil will hold against gravity depends 
upon the type of soil. A clay soil composed of fine particles with 
very small spaces will retain more water than a coarser, sandier 
soil composed of larger particles and larger spaces. Also, the 
amount of humus, or decomposed organic matter, in the soil in-
fluences the water-holding capacity. The more humus in the soil, 
the more wateT it will hold, providing the soil particles are of 
similar size. 
MINIMUM POINT OF EXHAUSTION BY THE PLANT. 
The minimum point of exhaustion of water from the soil by 
the plant is the point at which the force exerted by the plant in 
obtaining water is equaled by the attraction of the soil for the 
water. At this point the plant can obtain no, more water from 
the soil and will snffer until water is supplied. The minimum 
point of exhaustion is in direct correlation with the maximum 
water-holding capacity of the soil A fine soil that has a high 
water-holding capacity will exert a strong resistance to the use 
of water by the plant, while a sandy soil, with a lower maximum. 
has a correspondingly lower minimum of water which is not 
available for the use of the plant. The water held in the soil 
below the minimum point of exhaustion by the plant is called 
"nonavailable water." Some water may be taken from the soil 
below the minimum point, but not in sufficient amount or rapid 
enough to promote plant growth or even to sustain life for any 
considerable period of time. 
From an agricultural standpoint only the available water is 
of value. The available water in the soil is the amount that the 
farmer has to use, in addition to the rainfall to produce crops. 
In order to interpret results from moisture data, the maximum 
water-holding capacity and the minimum point of use should be 
known. These points rise or fall, depending upon the composi-
tion of the soil. In the following table we give the data cover-
ing these two points: 
TABLE Showing rnaximum water-holding capacity of this type of soil, _1908-1909. 
H ARD TABLE-LA N D . BUFFALO GRASS SOD
..c: 1908 1909 
..., 
0, Sept. Sept. October October October March April June July 
" ~ 9 17 1 9 20 19 22 1 30 
--
Feet Per cent Per re11t Per cent Per crnt Per cent Per cent Per cent Per cent Pe1· cent 
1 6.7 9.1 14.8 12.4 20.6 22.4 16.6 22.6 13.7 
2 7.4 17.9 15.7 16.0 19.7 16.3 16.8 19.1 14.8 
3 7.4 19.3 15.9 16.0 18.9 15.3 15.6 16.3 15.5 
4 7.4 19.7 16.2 15.7 17.9 14.6 15.9 16.0 15.8 
5 8.5 23.7 19.3 19.6 19.4 17.5 16.0 16.6 18.7 
6 9.1 23.0 19.5 20.l 19.2 18.0 15.0 17.7 23.0 
7 9.9 22.2 18.9 19.0 18.1 17.1 15.6 16.6 19.5 
8 11 .8 21.1 18.2 17.5 18.2 16.3 14.0 15.2 19.7 
9 11 .8 21.5 17.3 16.5 15.4 14.4 12.4 14.8 17.4 
10 11.2 22.9 18.3 17.0 16.0 13.9 12.3 12.8 18.5 
11 .. . ...... ....... .. . . . . . . . . . . . . . . . . . . . . . ..... .. . . .. . . . 15.6 16.4 . ..... . .. 
12 ..... .. .. .. . ...... . .. . .. . . .. . . . ... . . .. . . . . . . . . . . . . . 14.1 17.7 . . . . . . . . . 
13 .... .... ...... .. ...... ... . . . . . . . . . . . . . . . . . ..... ... . 11 .0 15.4 . .... ... 
14 ........ . . . . .... .. . .... . 
.. . -· ··· . 
. . ... . . .. . . . . . . . . 14.4 15.9 . . . . . . . . . 
15 .... .... . . . . . . . . ..... . . . .. ... . . .. . . . . . ... . . ... . . . . 16.1 15.0 . ........ 
Average to 10 9.1 20.0 17.4 17.0 18.3 16.6 15.0 16.7 17.7 
Sept. 
22 
Per ,·ent 
13.7 
14.1 
14.2 
14.3 
17.5 
17.9 
17.8 
17.3 
15.2 
14.9 
19.6 
18.2 
16.4 
18.3 
18.2 
15.7 
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In Table we give the results of a series of determinations 
made to ascertain the maximum water-holding capacity of this 
type of soil. On September 9, the amount of water present 
in t he soil was determined. After making this· determination, an 
excavation eight feet in diameter and one foor deep was made. 
A total of thirty-six inches of water was put into this to insure 
saturation, and the dry ea rth, which had been removed in ex-
cavating, was put back as a mulch. About six or eight inches of 
hay was put over all of this in order to reduce surface evapora-
tion to a minimum . 
Ramples were ta ken from time to time, as shown in the table, 
to determine the movement of t he water. We note that between 
the sampling of September 17 and October 9, 1908, there is a 
loss of 3 per cent, or a total of five inches of water. It is evident 
that this water moved downward as the first foot shows con-
clusively that the water did not escape from the surface. This 
section of the soil was not sufficiently moist to lose much water. 
Just after the sampling on October a three-inch rain fell , which 
explains the increased amount of water found October We 
then find a decrease to April 22, 1909, when the upper six feet 
of soil have on an average about 16 per cent of moisture. There 
is an increased amount again when the rains start during the 
summer. hut it drops later in the season. It would seem then 
that t he maximum water-holding capacity of our soil is between 
and 18 per cent. ( All moisture percentages given in this bul-
letin are figured on the basis of the dry weight of the soil for 
example, 10 per cent represents that for each one hundred units 
of dry soil that there are ten units of wat er present.) 
TABLE Minimum point of exhaustion of soil w ater by the crop. 
Per cent moisture in the soil 
Crop 
I 1st ft. 2ct ft. I 3d ft . 4th ft . 5th ft . 6th ft . 
Spring wheat . .. .. . 7.1 8.0 8.2 8.5 ..... 
Winter wheat ... ... 7.4 7.1 7.4 7.4 7.4 7.8 
Oats .. .... 7.9 7.7 7.7 7.7 . .. . 
Corn. . .. . . . ' ' . 8.6 9.1 8.9 9.6 . . .. . .. . . . 
Cane .. . .. . ... . 8.0 8.4 8. 1 8.3 . . . ... . 
Barley . . . . . .. .. 7.1 6.7 7.3 7.1 .... 
Table 3, g1vmg the minimum point to which crops can use 
the water from this soil was obtained by averaging a consider-
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able number of minimum points shown for several years in fields 
where various crops were growing. No minimum points are 
shown below four feet for any crop except winter wheat. The 
other crops shown did not completely dry t he soil below four feet. 
The percent ages shown indicate that the minimum point o.f avail-
able water in this soil is from 7 to 8 per cent. 
STORING WATER IN THE SOIL BY SUMMER TILLAGE. 
Storing water in the soil consists of getting the water into 
t he soil and then preventing its escape. Summer tillage has 
been the most efficient 0 1f all methods of storing water. This is 
to be expected, since the surface is always in condition. if the 
work is properly done, to catch any rain that falls and to check 
evaporation from the surface. Also on properly summer tilled
land there are no weeds or other vegetation allo,wed to grow and 
use the water from the soil. In the following tables are given 
data relative to the accumulation of water in the soil. 
TABLE 4.- Storing moisture by summer tilling. 
PER CENT MOISTURE IN THE SOIL. 
Spring wheat, 1907; summer tilled, 1908. 
D ate sampled .... . Aug.24, April 4, May 7, June 3, July 7, Af91jf' l '\\i~l, 1907 1908 1908 1908 1908 
li 7.8 14.6 19.7 21.1 22.5 16.1 1 1.3 Depth in 8.2 11.8 13.2 18.3 18.4 16.8 15.'.l foot 7.9 8.8 9.5 13.5 17.5 16.3 15. 3 sections 8 .6 10.7 11.7 12.0 16.2 16.0 15. l 12.6 15.5 14 .2 16.2 17.8 18.6 2).0 13.9 15.0 14.4 15.3 15.7 16.9 13.1 
------
~l ---Average .. . .. . . . 9 .8 12.7 13.8 16.1 18.0 1 3. 3 
Oats, 1908; summer tilled, 1909. 
Date sampled. . .. Sept.ls, Mar.30, Apr. 12, May 18, June 29, Aug. 25, Oct. 5, 1908 1909 1909 1909 1909 190::J 19)) 
- - - --- ---
II 
8.7 18.4 18.1 16.4 19.6 18.3 15.0 
Depth in 9.0 14.4 15.3 15.0 18.3 17.8 15.7 
foot 9.0 9.3 9.6 9.7 17.1 16.8 l 'U 
sections 9.6 11.2 10.5 11.2 16.5 17 .2 Li.2 14.7 16.1 15.3 15.6 18.5 20.4 U.6 
l 6 14 .2 15.3 14.0 14.5 15.5 18.5 13.1 
--- --- ---18.21 l6.6 Average ..... 10.9 14.1 13.8 13.7 17.6 
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TABLE Storing moisture by summer tilling- Concluded. 
PER CENT MOISTURE I N THE SOIL. 
Cane, 1909 ; summer tilled, 1910. Oats, 1910; summer tilled, 1911. 
Date sampled . Sept.17, Mar.20, Aug. 8, April 1, June 13, Sept.11 , Oct. 21 , ... 1909 1910 1910 1911 1911 1911 1911 
1 7.8 15.4 13.3 11.7 14.9 16.9 19.6 
D epth in 2 7.9 11 .3 12.8 8.0 11.7 15.1 17.7 3 8.2 9.1 11.7 8.6 7.6 10.8 13.1 foot 4 8.5 8.2 9.8 12.3 11.0 10.9 11.1 
sections 5 9.1 7.8 9.0 13.0 12.4 15.1 15.0 
6 9.2 9.2 10.0 14.0 13.7 16.6 13.8 
---
---
,_ 
--- ------
Average . .. . . ... . 8.4 10.1 11.1 11.3 11.9 14.2 15.1 
Spring wheat , 1910; summer Winter wheat, 1911 ; summer 
tilled , 1911 . tilled, 1912. 
Date sampled .. Mar.29, June 13, Sept.21, Apr. 25, June 15, Aug. 8, Nov. 12, . .. 1911 1911 1911 1912 1912 1912 1912 
---
---
--- ------
ll 10.7 14.3 15.4 20.8 18.1 19.1 17.2 Depth in 11.5 11.7 13.9 16.3 16.3 16.6 16.1 7.7 8.1 11 .7 9.8 15.0 14.7 15.4 foot 8.8 8.5 7.9 9.3 11.1 13.7 14.2 sections 12.5 12.0 11 .2 9.7 10.4 11.0 12.0 14.4 13.6 13.5 8.9 9.2 10.0 9.9 
--- ---
Average . . . . . . . . . 10.9 11.4 12.2 12.5 13.3 14.2 14.1 
In Table 4 are given the data obtained from samplings made 
at various times in the fields. The first field given was in spring 
wheat in 1907. and was summer tilled in 1908. Soon after har-
vest, 1907, the soil contained an average of 9.8 per cent of water 
in the upper six feet. At seeding time in 1908 the so,il contained, 
to this depth, au average of per cent of water, a gain of 7 
per cent, or about 6.5 inches of water. The rainfall during the 
interval was 19.7 inches, of which about 33 per cent was stored
The next field shown was in oats in 1908 and summer tilled in 
1909. In the fall of 1908 the soil was dry to four feet. During 
the winter the first two feet became filled with water. During 
the entire period 5.5 inches of water were stored from a total 
rainfall of almost twenty-three inches. About 24 per cent of the 
seasonal rainfall w1as held. 
The third field given was in cane in 1909 and summer tilled in 
1910. Almost 2 per cent of water accumulated in the upper two 
feet of soi l during the winter. During the entire summer from 
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March to August only 1 per cent of increase is shown in the 
moisture content. During the entire period from harvest to 
seeding date, only 2.5 inches of water were accumulated. The 
rainfall during the period was 12.2 inches, of which 21 per cent 
was retained. Even with this sma.11 amount of stored water, this 
field and another that was summer tilled with much the same 
results in 1910, and both sown to winter wheat, were the only 
fields on t he Station that produced any small grain in 1911. 
The fourth field shown was in oats. in 1910 and summer tilled 
in 191 1. An increase of 4 per cent is shown in the moisture con-
Plat D on left Summer tilled, 1912-yield of winter wheat 1913, 26.i! 
bushels. Plat C on righ t. Continuous cropping- yield 2.2 bushels . 
tent. This · makes about 3.7 inches of water which was per 
cent of the rainfall of 15.8 inches
The fifth fi eld shown was in spring wheat in 1910 and summer 
tilled 1911. This field shows an increase of only 1.3 per cent of 
moisture during the summer. This is only 1.25 inches of water 
out of a total of inches, or only 10 per cent of the r ainfall. 
The last field shown in the tables was in winter wheat in 
1911 and summer tilled in 1912. The first sampling was made 
some considerable time after the field had been disked, and just 
after a rain of an inch, which was caught and retained in the 
upper two feet. Between the first and last sampling about 1.5 
Research Bulletin No. 5 
inches of water were retained from a rainfall of 12.7 inches. 
This was about per cent of the total rainfall. It will be noted 
that this :field contained almost as much water the middle of 
,June as it did at the. close of the season. On June 15 it had 
available moisture to a depth of five feet. 'l'he :field was in good 
condition, from a moisture standpoint to seed to a :field crop such 
as cane. Or, if one were preparing to seed a lfalfa, the early 
spring cultivation not only prepares the seed bed and gets rid 
of weeds, but accumulates moisture to start the crop From the 
data given in this table, there have heen two, years, 1908 and 1912, 
when water was· accumulated to a depth of several feet in time 
for seeding alfalfa by the middle of June. A stand of alfalfa is 
much more certain with several feet of moist soil for a seed bed 
than where only the surface is moist. 
From the table and the discussion of it, we :find that the 
amount of water which can be stored varies great ly with the 
different years. The per cent of the total rainfall held varies 
from 10 to 33 per cent. During the summer of 1908, there were 
eight rains of more t han one-half inch each, three of which were 
more than an inch each. There were also rainy periods when 
light rains came so close together that the surface soil wonld be 
wet from one rain until the next and, therefore, even a small rain 
would penetrate below the surface. During the summer of 
only three r aius came of more than one-half inch, two of which 
were over an inch. The season of 1911 w·as better from the 
standpoint of tota l amount of rain, but the distribution was such 
that the moisture could not be held. Dur ing dry seasons, with 
the high rate of evaporation and extremely hot surface soil
a half inch of rain may be lost before it gets into the soil 
deep enough to be retained, if it comes as an isolated shower. 
Where the surface is dry, a rain of less than one-half inch is of no 
value whatever in storing water, tho it may be of great value to 
t he crops. A ha lf inch of water will not get thru the loose mulch 
on the surface unless t he mulch is still moist from a previous 
r ain. 
It is also noted from the tables that the water content was 
uot increased below three feet in 1910 or 1911. In 1912 it was 
increased to five feet, while in 1908 and 1909 the soil was fill ed 
as deep as the samples were taken. The weather records for the 
years under consideration show t he causes of the variation in the 
r esults of storing moisture. as shown in Table 4. The table 
shows that dur ing some seasons, when the rainfall is low or 
poorly distributed it is impossible to accumulate much water in 
the soil by summer tillage. 
CHART l.-STORAGE OF WATER IN SOIL BY SUMMER TILLING 
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Charts I to IV show graphically the amount of water stored 
by summer tilling. Chart 1 shows the work done in four fields
Two of these fields were summer tilled during the summer of 
1908. which was a good year for storing water. The other two 
fields were summer tilled during dry seasons. In this chart the 
base line represents per cent, or practically the lower limit of 
available water. All water added to the soil above this point 
and held within reach of the plant roots can be used by the crop. 
The foot sections of soil are shown on the left of the chart. This 
chart further illustrates the fact that the amount of water which 
can he stored by summer tilling in this soil is largely governed 
by the amount and distribution of the precipitation. 
Chart II shows the average amount of water in the upper 
six feet of soil in three fields, and the amount of precipitation
during the interval. 
Each square on the chart, as we go upward from the bottorn. 
represents 1 per cent of water in the soil or one inch of rain. As 
we go from the left to the right on the chart, a square represents 
a period of ten days time. Acco,rding to work done by Drs. 
Briggs and Shantz of the Rureau of Plant Indus.try, the ap-
proximate lower limit of moisture available for plant growth is 
somewhat too low as represented on this chart. 
In the spring each of three fields here represented had about 
the same average water content. The water content of the field 
sown to wheat increases slightly, under the heavy May rains, 
until the latter part of May. After this date the crop not only 
uses the rain that falls, but draws on the soil for a lmost four 
inches of stored water. After harvest an increase is shown. and 
at the last sampling the wheat and cornfields ha.ve about the 
same amount of water. That the wheatfield did not gain in 
water content as rapidly in the spring as either of the other 
fields was due to the fact that the crop was already using a good 
portion of the rain that came. 
It will be noted that the field listed to corn increased in water 
content a lmost as rapidly to July 1 as did the summer tilled 
field. Up to t his time the corn plants, few in number and small 
as compared with the wheat, were not making much demand for 
water. Almost five inches of water had been retained from the 
rains up to this time. At this period the corn began to use more 
water and not only used the rain that fell , but used more than 
five inches of water that had been stored in the soil. The sum-
mer tilled field r etained this and remained thru the winter 
with practically a ll t he water the soil would carry in the upper 
six feet
j' 
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CH ART III.-STOR AGE OF MOISTURE IN T H E SOIL BY SUMMER 
TILLAGE. 
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Irregular solid line represents the moisture content of that foot-section. 
Broken line represents the point at which crops wilt, as determined by 
Briggs an d Shantz. 
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CHART IV.-STORAGE OF MOISTURE IN THE SOIL BY SUMMER 
TILLAGE. 
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Irregular solid line represents the moisture content of that foot-section. 
Broken line represents the point at which crops wilt, as determined by 
Briggs and Shantz. 
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Chart III gives further data concerning the effects, of summer 
tilling. On the right hand side of the chart beginning at the 
top are shown first the spaces showing rainfall in inches, and 
rainfall for the year. Below that are shown the depth which 
each section of the chart represents, from one to six feet. On the 
left of the chart is shown the per cent of water. Each section 
of the char·t is divided by minor lines. The spaces between these 
Jines represent five per cent of water in the soil. The heavy, 
broken horizontal lines represent the "wilting coefficient'' as 
defined by Briggs and Shantz The wilting point as indicated 
on these charts is probably somewhat high as is shown by field 
results. All water over 8 per cent is available for crop use 
in this soil. The chart is divided to show the different months 
and days of the month. The perpendicular lines near the top 
represent t he amounts of various rains on various, dates. The 
total for the month is shown in figures at the top of that section. 
The heavy, solid, horizontally-drawn lines, r epresent the moisture 
content of the soil at that particular depth. (This· explanation 
will serve for all charts of this kind used in this bulletin.) 
It will be noted from the chart that at the first sampling the 
first foot of soil was filled with water and some water was avail-
able in the second foot . Below that the soil was dry The chart 
shows several heavy rains between the sampling in June and 
that done in July. The June sampling showed that the tbird 
foot was beginning to. receive water and that the fourth foot 
had not yet received any water. In July the sampling was done 
so soon after the heavy rain that the first three feet had more 
water than they would hold. Water had penetrated to five feet. 
At the time of the first sampling in August, the first six feet were 
filled to the maximum carrying capacity. Some loss is shown 
during the latter part of the season, which was very dry. 
Chart IV shows the effect of summer t illing during a less 
favorable year (1911) than shown in Chart III. The samplings 
this year are not frequent enough to show all the fluctuation in 
the moisture content of the first foot. The chart does show, tho
the ultimate results. There were two rains of more than one 
inch during the season. The effect of the first one is seen at the 
second sampling. All the water that was held is still in the 
first foot. At the next sampling an increase of water is shown 
in the second foot. The third foot does not show any increase in 
Bulletin No. 230 of the Bureau of Plant Industry, U. S. Dept. of Agr. 
on "The Wilting Coefficient for Different Plants and Its Indirect Deter-
mination," by Briggs and Shantz. 
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water content until July and it is not entirely filled with water 
at any time during the season. The moisture chart for the fourth, 
fifth, and sixth foot sections makes a straight line for the entire 
season, showing that there was no change in the amount of water 
in these sections during the entire season. The chart further 
proves that the amount and distribution of the rain was such 
that no great amount of water could be stored. The water did 
not get into the soil to such a depth that it could be conserved. 
DEPTH TO WHICH WATER HAS BEEN STORED IN ONE SEASON. 
The depths to which water can be stored in a given length o,f 
time depends upon several factors: the type of soil, the underly-
ing strata, the amount and distribution of the rainfall, the 
amount of water already in the soil at the beginning of the in-
terval, and weather conditions. 
A light sandy type of soil will absorb · water much more 
readily than a heavy type of soil. The same amount of water 
will be distributed thruout a greater area in a light soil than in a 
heavy soil. The maximum carrying capacity is lower in a light 
soil. Furthermore, there is less resistance to the downward 
movement of water tbru a light soil. A shallo,w soil overlying 
a stratum that is practically impervious to water or a layer of 
coarse gravel or sand may require only a small amount o,f water 
to bring it up to its carrying capacity. In this case any addi-
tional water would be lost. 
It is obvious that the amount of precipitation and its dis-
tribution is an important factor in determining the depth to 
which water can be stored in a given interval. Where only a 
small seasonal rain comes, a relatively small amount will be 
held, and consequently a relatively smaller portion of the soil 
will be mo,istened. An iso,lated rain even of a considerable 
amount falling on a. hot, dry surface is largely lost. The distri-
bution of the rainfall, therefore, plays an important part. It is 
during rainy seasons where rains are rather frequent that mois-
ture is most easily accumulated. 
In the following table are given data to show the depth to 
which water bas been accnmulated during each of six years. 
Each year two samplings are shown at the beginning of 
the season, the other at the close,-and in every case the field 
was summer tilled: 
TABLE 5.· Depth to which water has been stored in one year. 
PER CENT MQISTURE I N THE SOIL. 
1907 1908 1909 1910 1911 
Depth 
May 2 Sept. 12 April 23 Sept. 5 Mar. 27 Sept. 16 Mar. 20 Aug. 1 Mar. 29 Sept . 21 
- -- --- --- --- --- --- --- --- ---
Feet 
1 15.1 18.4 12.9 16.8 18.6 14.9 15.4 13.3 10.7 15.4 
2 14.8 17.0 9.6 17.0 13.0 15.0 11.3 12.8 11.5 13.9 
3 14.3 15.7 9.5 16.5 10.7 17.6 '9.1 11.7 7.7 11.7 
4 15.0 9.1 14.6 9.8 14.7 8.2 9.8 8.8 7.9 
5 .. . 13.7 8.5 11.9 8.6 14.6 8.8 9.0 12.5 11.2 
6 . ... 14.6 8.3 10.3 9.6 14.5 9.2 10.0 14.4 13.5 
7 .... .. .. . .. . 9.1 10.8 15.6 9.6 10.6 13.3 11.6 
8 ... . . . . . ... . 8.7 13.3 14.9 9.1 12.6 11.4 10.1 
9 . . . . . . .. . .. . 8.4 14.3 15.5 10.7 12.8 10.9 9.7 
10 ... . . . . ... 7.9 13.1 13.3 10.8 14.4 10.9 9.7 
--- --- --- --- --- --- - -- - - - --- ---
Av. 6 ... . 15.7 9.6 14.5 11.7 15.2 10.3 11.1 10.9 12.3 
Av . 10 . . . . .. . . .. . . 12.1 12.1 15.0 10.2 11.7 11.2 11.4 
Rainfall during period ,in inches 13.9 15.7 5 .8 11.2 
Amount held in upper 6 feet .. 4.6 3.3 1.0 1.1 
Per cent rainfall held in upper 
6 feet .. . .. ...... .. .. 33.0 21.0 17.0 10.0 
1912 
April 5 Nov. 5 
--- ---
13.8 17.2 
10.3 16.l 
9.8 15.4 
9.3 14.2 
9.7 12.0 
8 .9 9.9 
9.0 9.2 
9.1 8.4 
9.0 9.0 
9.1 8.7 
--- ---
10.3 14.1 
9.8 12.0 
12.7 
3.4 
27.0 
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We have used a summer tilled field because summer tillage is 
more effective than any other farm practice in storing moisture. 
In the lower portion of the table are given the rainfall during 
the intervals, the number of inches of water held in the upper 6 
feet of the soil, and the per cent of the total rainfall held in the 
upper 6 feet. In some cases, which is true in 1909, water 
was accumulated below 6 feet, but we have not tried to show 
this in the per cent since below 6 feet the soil is not as uniformly 
dry at the first sampling as it is above 6 feet. This is shown in 
two fields nsed in 1910 and 1911. It is evident that in either of 
these year s no water was accumulated below 6 feet, and yet there 
is no agreement between the first and second samplings on these 
fields . This is probahly due to the sampling in different places 
in the field and in one case finding more water left by the pre-
ceding crop than in the other. 
It will be noted that for the year 1907 the first sampling was 
to only 3 feet Thi s is the depth we were sampling in the 
spring. At the close of the season, the soil was practically filled 
to a depth of feet. In the spring sampling was to 6 feet, 
but during the season a longer tube was obtained and samplings 
in the fall were taken to feet. During this interval 13.9 inches 
of water fell, 33 per cent of which has held. 
In water was accumulated to a depth of 7 feet. In 
and 1911 water was accumulated to a depth of only 3 or 4 feet, 
and in neither case was the soil filled to normal carrying capac-
ity. The rainfall of was too low, and in 1911 the distribu-
tion of the rainfall was unfavorahle for accumulating water. In 
1912 water was accumulated to 5 feet. 
It will be noted that during these six years we have held from 
10 to 33 per cent of the rainfall in the upper 6 feet of the soil. 
Reference to t he distribution of the rainfall in the tables given 
under climatic data will probably explain this. 
These data are taken from and 10-acre fields, one of 
which is summer tilled each year at the ·Station :;tnd receives uni-
formly good summer tillage. It shows, however , that we cannot 
store moisture unless it falls in sufficient amount and with a 
proper distribution to get it into the soil. 
EFFECT OF CONDITION OF SOIL AT SURFACE AND CHARACTER 
OF RAIN ON WATER RETENTION. 
The condition of the surface soil has an important influence 
on the amount of water that will he r eta ined from a certain rain. 
Water runs off much mo,r e freely from a smooth, dry surface 
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than from a surface which has been loosened bv cultivation. The
smooth, compact soil has less chance to hold the water and the 
dry soil offers more resistance to the penetration of the water 
than does a soil that is more open. Where the surface has bren 
cultivated, the water runs into the openings made by the imple-
ment used, and is held until it can soak into the so,il. Where the 
surface has not been stirred, there are no open spaces to catch 
the water. As soon as the soil at the surface has been filled, it 
can hold no more water except as the water is removed from the 
surface by penetration. The water which falls above this amonnt 
will be lost as run-off unless the surface is level. Obviously the 
amount of run-off from any rain is governed largely by the type 
of soil and character of the rain. A loose, sandy soil offers so 
little resistance to the penetration of water that there is little 
run-off. The soil particles composing the sandy soil are larger 
than those of heavier soil, and consequently the open spaces are 
larger and water readily penetrates into the soil It is only dur-
ing excessively heavy rains that run-off is seen in real sandy soil. 
The resistance to the penetration of water increases as the soil 
becomes heavier or more like clay. All gradations are found. 
from the sand. which offers so little resistance, to the gumbo. 
where penetration is extremely slow. We have observed that
water will stand for several days over a heavy gumbo spot, and 
be lost mainly by evaporation rather than by penetration; often 
penetrating only a few inches into the soil. 
The character of the rain has also an important influence on 
the amount of water which will be retained from any given rain. 
'l'he more rapidly the water falls on the surface the greater the 
run-off During heavy torrential rains the water falls so rapidly 
that it does not have time to penetrate into the soil and must be 
lost as run-off. The beating drops of water often puddle or clog 
t he surface making it more difficult for the water to enter. It 
is a matter of common observation that a heavy downpour of 
rain frequently does less good than a much lighter rain that falls 
mo1·e slowly. The type of rain that is really most beneficial is the 
rain of sufficient amount and falling slowly enough to be carried 
into the soil to a depth where it will not be exposed to the rapid 
surface evaporation. 
Of equal importance with the two factors above mentioned 
in governing the amount of water held in the soil from any given 
rain is the amount of water present in the soil when the rain 
comes. A very dry soil offers much greater resistance to the 
downward movement of water than does a moist soil. In a very 
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drv soil the movement is so .retarded and the amount of water 
required to moisten it so great that the water from a single rain, 
coming alone, is generally held near the surface. From here it is 
soon lost thru the rapid evaporation which takes place at the 
surface. On the other band, where the soil is already moist when 
the rain comes, it is much more quickly carried away from the 
surface, thus giving place for more water from the rain to be 
held at the surface. It is also distributed to lower depths in the 
soil and thus protected from the rapid loss at the surface. Fre-
quent observations have been made along this line on the native 
sod. This is usually hard and dry. It is seldom wet more than a 
few inches by the rains that come singly. The lower depths re-
ceive moisture only during "rainy" or "wet spells" when a second 
rain comes before the moisture from the preceding rain is lost. 
In the following tables are given data bearing upon these 
points: 
TABLE Effect of surface condition in retaining rainfall, 1908. 
PER CENT MOISTURE IN THE SOIL. 
Sod land Corn land 
Depth 
May 11 May 15 Gain May 12 May 15 Gain 
Feet 
1 16.8 21.0 4.2 18.5 20.6 2.1 
2 8.7 8.6 .... 11 .0 16.4 5.4 
3 7.3 7.6 .. . 9.4 9.6 . . .. 
Table 6 gives data to show the effect of the surface condition 
on the amount of water held. During the interval between the 
sampling dates 1.62 inches of water fell. This fell as three rains, 
the greatest of which was .86 inch and fell very rapidly. The 
samples were taken twenty-four hours after the last rain. 
TABLE 7.--Effect of surface condition and moisture content on 
storing water
PER CENT MOISTURE I N THE SOIL. 
Brome grass sod Corn land 
D epth 
Sept. 3 Sep t . 4 Gain Sept. 3 Sept. 4 Gain 
Inches 
1-3 9.5 15.3 5.8 12.4 17.1 4.7 
4-6 6.4 6.5 .... 13.3 16.2 2,9 
7-9 6.9 6.6 .... 13.6 15.2 1.6 
10-12 6.8 6.5 .. ' 13.3 13.2 .. . . 
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Table 7 shows the difference between a cultivated and uncul-
tivated surface in retaining water. A rain of .31 inch fell slowly 
during the interval between the two samplings. The brome sod 
retained about 70 per cent of the water which fell. It was all 
held in the upper three inches of soil and was soon lost The 
corn land held practically all of the rain and it was distributed
thru nine inches of soil. 
TABLE Effect of arnount of water in soil on penetration) 1909. 
PER CENT MOISTURE IN THE SOIL. 
Alfalfa field Corn land Wheat land 
Depth 
July 7 July 13 Gain July 7 July 13 Gain July 9 July 12 Gain 
- - --- - -
---
-- - - - -
Feet 
1 7.5 17.1 9.6 17.4 21.8 4.4 8.8 21.0 12.2 
2 8.7 8.9 .... 17.1 19.3 2.2 9.7 11.1 1.4 
3 8 .8 8.5 .. .. 16.1 17,6 1.5 9.2 9.6 . . . . 
4 8.3 8.5 . . . 17.1 18.1 1.0 9.8 10.3 .. .. 
The dat a given in Table 8 were obtained from three fields 
under different crops. During the period between the samplings, 
over three inches of rain fell. All the water held by the soil 
growing alfalfa was held in the upper seven inches of the soil. 
In the wheat, which was grown on spring plowed land, the water 
moved thru the first foot of soil and a small amount into the 
second foot. In the cornfield the moisture content was increased 
below four feet. A sampling a week later showed an increase of 
three-fourths inch of water in the fifth and sixth foot-sections . 
The corn land does not show much increase in water content 
near the surface. It was a lready filled to nearly carrying ca-
pacity and much of the water that was caught was carried to 
lower depths. Tn the alfa lfa field, which was dry when the rain 
came, all the water retained was held near the surface. Here it 
was exposed to the rapid evaporation which takes place at the 
surface. 
TABLE Effect of surface condition and rnoisture content on 
storing water, .l910. 
PER CENT MOISTURE IN THE SOIL. 
Alfalfa field- soil dry. Corn land-soil more moist. 
Depth 
Surface not stirred. Surface cultivated. 
June 30 July2 Gain June 30 July2 Gain 
.Peet 
1 6.7 14.3 7.6 10.0 21.4 11.4 
'l 6.9 6.6 .... 10.3 13.9 3.6 
3 7.1 7.3 . . .. 10.6 10.8 . ... 
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The data given in Table 9 were obtained from sampling just 
before and thirtv-six hours after a rain of 1.49 inches. A little 
more than one inch of water was retained in the alfalfa, but it 
was held in the upper five inches, where it was soon lost by the 
surface evapo,ration or used by the crop. The soil was so dry as 
shown by the first sampling that the water could penetrate but 
slowly into it. The corn plat shows an accumulation of more 
water than fell during the rain, indicating that it had caught 
some of the run-off from the sod land and roadway just above 
the field. The water acquired from the rain had penetrated into 
the soil in the cornfield to a depth of eighteen inches, thus getting 
deeply enough into the soil to escape the rapid evaporation at 
the surface This shows how much more rapidly water wiH 
penetrate a moist soil than a dry soil, as well as the fact that 
the cultivated surface in the corn retained much more water 
than the dry, firm, surface in the alfalfa field. 
TABLE 10.-Etfect of surface condition and moisture content on 
storing water
PER CENT MOISTURE IN THE SOIL. 
Prairie sod Cane field Corn field 
Depth 
July25 July 26 Gain July 25 July 26 Gain July 25 July26 Gain 
--- -----
-
,_ 
Feet 
1 6.8 12.1 5.3 14.8 20.4 5.6 13.5 19.2 5.7 
2 6.3 6.3 .... 1.5.0 16.3 1.3 10.5 11.3 .8 
3 6.0 6.4 . . .. 13.9 14.9 1.0 13.2 12.7 .... 
4 6.7 7.5 . . . 13.6 13.5 15.3 14.8 .. 
These data in Table 10 were obtained from three fields, which 
were sampled the day previous to and about twelve hours after 
a rain of one and one-tenth inches. The sod land held about 80 
per cent of the rain while the cane and corn fields caught prac-
tically all that fell. The water retained by the sod land was all 
held in the upper few inches of the soil, while in the cane and 
corn fields it penetrated more deeply into the soil. The whole 
of the first foot received water, and there is some evidence of 
water reaching the second foot during even so short an interval 
and with so small an amount. There is an indication of loss 
from the third and fourth foot-sections in the cornfield. This 
may indicate what is said sometimes to take place after a rain-
that the water just below moves upward to the soil moistened
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by the recent rain. Frequently indications of this kind have 
been found, and, when there is sufficient water below·, there may 
be some upward movement caused by a change in the temperature 
at the surface. We have, however, attributed these slight changes 
to nonuniformity of the soil or to experimental error, the scope 
of either of which is sufficient to cover almost any such difference 
found. 
In Table 11 are given the data obtained from sampling two 
fi elds at different times during the season. of 1912. The lowest 
line of figures gives the amount of rainfall in inches during the 
period just preceding the date of sampling. It will be noted from 
the table that the sod land was very dry below the second foot 
at the time of the first sampling. The third foot shows an in-
crease in t he water content April and the fourth foot at the 
following sampling. The following two periods, May 25 and 
June 10, show a slight increase in moisture in the fifth foot. 
After this date the soil water is used by the grass and the soil
is not again moistened below the first foot. The mo,isture reached 
the lower depths in the sod land only during the period of fre-
quent rains. 
The data given in the second portion of the table were ob-
tained from a field adjacent to the sod land, which was in oats 
1911 and sown to cane 1912. This field was kept clean cultivated 
until July when it was sown to cane. It will be noted from 
this portion of the table that the maximum amount of water 
shown on any sampling date in the upper six feet of soil was on 
May It was not evenly distributed on that date. The upper 
three feet contained more than they could hold for any consider-
able length of time. After Ma.y 11 the weather was dry, and only 
light showers fell until after the cane was seeded ( July and 
began using water. The water content of the so,il shows a loss 
during this period. There is a gradual downward movement of 
water in the soil in this field from pril 22 to June 29, at which 
date the lower depths contain more water than at any other 
sampling date during the season. The increase in moisture con-
tent in the lower depths at this date was due to the excess water 
from above moving downward and not to additional water 
from rains. After July 26, the crop not only uses the r ainfall 
that comes, but uses the water that was stored in the soil during 
the early part of the season. The samplings are too infrequent to 
show from what portions of the soil it was first used. The table 
also shows that the cane crop used water from the soil at a depth 
of six feet. 
TABLE 11.- Effect of surface condition ancl amount of water in soil, on penetration, 
PER CENT MOISTURE I N THE SOIL. 
Prairie sod 
Depth 
April 18 April 22 April 29 May 11 May 25 June 10 June 29 July 25 July 26 Aug. 22 Sept. 12 
Feet 
1 16.6 22.5 22.4 20.8 13.3 9.6 5.1 6.8 12.1 5.5 9.9 
2 12.5 15.0 21.6 17.8 14.9 9.1 5.4 6.3 6.3 5.2 5.6 
2 8.3 8.4 11.8 15.6 13.8 11.1 6.0 6.0 6.4 5.6 5.5 . 
4 7.7 7.9 8.2 9.5 10.3 9.6 6.1 6.7 7.5 5.8 5.7 
5 8.0 8.2 9.0 8.8 9.1 9.4 5.9 7.2 8 .1 6.0 6.0 
6 8.1 9.1 8.8 7.9 8.0 8.7 5.6 6.8 8.0 5.9 6.4 
Average . 10.2 11.8 13.fi 13.4 11.6 9.6 I 5.7 I 6.6 8.1 5.7 6.5 
Cane field 
19.2 23.6 25.8 24.4 21.5 17.9 15.8 14.8 20.4 9.2 9.5 
·13.8 15.2 17.5 20.4 18.8 17.3 14.0 15.5 16.3 8 .9 8.4 
11.2 11.5 12.1 18.7 16.9 15.9 15.1 13.9 14.9 9.6 8.1 
10.9 10.7 11.2 12.3 14.9 14.6 13.3 13.6 13.5 9.5 8.3 
9.9 9.6 10.3 10.3 11.4 12.1 12.8 12.6 12.0 9.6 9.2 
9.9 9.9 10.3 10.1 10.3 11.7 13.0 12.0 11.3 10.3 9.8 
e. e.1 a:l:!. 12.5 I 13.4 I 14.5 I 16.0 15.6 14.9 14.0 13.7 14.7 9.5 8.9 
1.11 1.66 1.78 0.13 0.41 0.25 2.27 1.10 I 1.93 I 1.25 
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The curves shown in Chart V represent the moisture content 
in a hrome grass field and also, a field which was in corn in 
The hrome grass was seeded in 1905. The moisture content is 
practically the same in the two fields in the spring. The cultivated 
field soon begins to increase in moisture content, reaching its 
maximum in ,June and holding it until late in July. At the time 
that the crop required most water the soil was filled to almost 
full carrying capacity. The brome grass field did not accumulate 
much water tho the rainfall was high, as shown by the heavy
solid line. These curves illustrate again the effect of tillage and 
plant growth on the amount of water accumulated in the soil. 
The fields are adjacent, and the difference shown is doubtless due 
to the tillage in the cornfield, which retained more of the rain-
fall, and the growth of brome grass which used the water as fast 
as it came. The corn was young and not using much water until 
in ,July. As compared with the grass field there were far fewer 
plants on a given area to use water. 
EFFECT OF CULTIVATION. 
Cultivation is the one practica l means for storing moisture in 
the soil on any considerable acreage. Our experience shows that 
summer tillage is the most efficient method for storing water
which we have followed. A number of other methods, however, 
have been studied. to determine their effect. In the tables rela-
tive to the effect of the condit ion of the surface, it was shown th at 
a cultivated surface would catch more water than a smooth sur-
face. The difference that will be shown between the amount of 
water held by a cultivated surface and that held by a smooth 
surface is greater during heavy rains than during light rains. It 
has also been found that plowed ground or listed ground usually 
catches more water from any certain rain than does a surface 
which has been disked. Cultivation not only puts the surfa ce in 
shape to catch the rain but is the means by which the moisture 
is saved after it has gotten into the soil. By cultivation, weeds 
are killed and thereby prevented from using the water and the 
surface is loosened, forming a soil mulch which reduces evapora-
tion from the surface. 
In the following tables are given data obtained relative to 
the effect of cultivation. Space allows for only a small portion 
of the data which we have on any of these subjects. The r esults , 
however, are usually quite similar and we have aimed to show 
only representative results. Many times the weather conditions 
are such that no great difference is shown between one method 
and another. In other cases a greater difference is found. 
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TABLE 12.-Effect of disking after the binder on soil moisture. 
PER CENT MOISTURE I N THE SOIL. 
1907 1908 
Depth 
July 11 Aug. 24 April 23 Mayll June 13 July 2 July 10 
-
- ---
"C Feet Q) 1 12.2 9.0 12.3 18.4 22.2 18.4 16.3 ~ 
a:, 2 6.3 7.8 9.0 10.3 12.0 16.6 15.0 :.a 3 6.6 7.2 8.8 9.7 11 .7 13.2 13.7 ~ --- ---------
rn Average .. . . 8.4 8.0 10.0 12.8 15.3 16.1 15.0 
--
---
------
"C 1 11.6 6. 1 11.7 17.0 20.7 17.1 13.9 Q) ~ 2 6.2 5.6 9.6 9.6 12.9 16.8 13.9 a:, ;a 3 6.2 6.1 10.3 10.3 9.2 12.4 12.2 
..., 
---
------
---
---0 Average .... 8.0 -5 .9 10.2 12.3 14.3 15.4 13.3 z 
1911 1912 
Depth 
Aug. 5 Aug. 21 Sept. 11 Sept. 23 Oct. 20 July 31 Sept. 18 
- - ---
',:I Feet 
Q) 1 10.1 10.3 11.3 12.1 16.1 7.9 14.2 ~ 
a:, 2 7.0 7.0 7.2 8.9 13.1 7.0 7.7 ;a 3 7.1. 6.7 6.9 7.3 7.2 7.2 7.7 
'"§ ------ ------
rn Average .... 8.1 8.0 8.5 9.4 12. 1 7.4 9.9 
-- --- - -----
"C 1 10.5 8.7 6.4 7.1 15.5 9.2 13.9 Q) 
.~ 2 6.8 6.9 6.7 6.8 6.6 6.9 7.9 a:, ;a 3 6.9 6.9 6.7 6.9 7.2 7.3 7.9 
..., 
- - - - --- · 0 Average .... 8.1 7.5 6.6 6.9 9.8 7.8 9.9 z 
In Table 12 are given the results of four tests in disking small 
grain stubble after the binder. In 1907 we note that with the 
close of the test August 24, there was 3 per cent more water in 
the first foot of soil which had been disked than where the soil 
was not disked. There is also an increase in the second foot. 
During this interval of t ime more than two inches of water feU, 
30 per cent of which was saved by the disking, while in the other 
field not only was all this water lost but the soil was actually 
drier at the end than at the beginning of the t est. The weeds, 
which are usually found on the small grain fields, had taken this 
water. This difference in moisture content was sufficient to put 
the portion which had been disked in fair condition to plow, 
while the other was entirely too dry. 
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In the work was done on a piece of land which had been 
in small grain the previous year, and was being summer tilled. A 
portion of the field was left in the spring without disking; the 
other po,rtion of the field received two diskings before the close 
of the test, when the field was plowed. It will be noted that 
there was very little difference in the moisture content of these 
two tracts up to .Tune 13. After this date the difference becomes 
greater During the interval when this work was being done, a 
total of ten inches of water fell. This was sufficient to replace 
in the soil not disked any water which may have been lost from 
the surface or used by weeds. The sampling was done only to 
three feet, and it may have been that more difference would have 
been seen below this depth. In 1911 no difference in the moisture 
content was found in the first foot between disked land and land 
not disked. But where the soil had been disked there was an ac-
cumulation of more than one inch of water in the second foot, 
while no water had penetrated into the second foot where the soil 
was not disked. During this interval a total of 5.5 inches of rain 
fell. In 1912 in the field recorded in Table 12 no benefit was 
found from disking. 
TABLE J3.-Effect of disking after the binder on soil moisture
1912. 
PER CENT MOISTURE IN THE SOIL. 
Depth July 27 July 29 August 2 August 5 August 12 
Inches 
"O 1-6 18.9 13.3 21.8 17.0 13.6 <I) 
_,. 
7-12 7.6 6.8 7.8 8.4 9.6 00 
A 24 tl.O 5.4 5.5 5.6 5.1 
36 7.2 7.5 7.1 6.6 7.0 
-
"O 
<I) 1-6 17.2 9.6 19.0 13.6 6.2 _,. 
00 7-12 6.8 6.6 6.8 6.4 5 .7 :a 24 5.8 5.7 5.8 5.8 5.6 ..., 
0 36 6.3 6.2 6.1 6.8 6.2 z 
In Table 13 are given data obtained from disking winter 
wheat stubble after the binder. In this case there is shown a 
benefit of about per cent in the first 6 inches and 4 per cent in 
the second 6 inches from disking. In the portion of the field that 
was disked most of the weeds were killed. There were consider-
able weeds on the portion not disked. These weeds doubtless 
used what moisture was available. The difference in the rnois-
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ture content of these two plats was sufficient to make the plat 
which had been disked plow in good shape while the other was 
too dry to plow. 
In summing up the data given in these two tables., it seems 
that moisture is conserved by disking following the binder if 
there is sufficient water in the soil after harvest to start weeds. 
In some cases we do not get a great deal of difference in the moi s-
ture content while in others we get a greater difference. But the 
disking will usually serve a twofold purpose. It will loosen the 
surface of the soil to catch and retain water and will kill most of 
the weeds. It is, however, frequently so dry after harvest that it 
is necessary to weight the disk in order to make it cut into the 
soil deeply enough to kill the weeds. 
In Table 14 are given some data obtained from three plats of
soil in On one of these plats the soil was kept thoroiy stirred 
with a disk and any weeds which escaped the disk were cut 
with a hoe. On another plat the surface was not cultivated, but 
the weeds were kept cut with a hoe. The third plat was not 
cultivated and the weeds were allowed to grow. At the close of
the test it is shown that there was very little more water in the 
upper three feet of soil where it had been disked than where it 
had not been disked. There is a difference, however, in the mois-
ture content of the 4th, 5th, and 6th feet, which indicates that 
more water was caught and retained on the surface which was 
disked than on the smooth surface. The soil on which weeds 
had been growing was dry all the way down except the first foot. 
The moisture shown in the first foot was acquired from a rain 
just previous to the last sampling. 
Table gives the results from a test made to determine the 
relative effectiveness of plowing and disking to store water_ The 
disking was done August 22 and the plowing August 25 and 29. 
The plowing was done to a depth of five to six inches. The disk 
was not weighted, but was set as deep as it would cut. Most of 
the weeds were killed by the disking and the surface soil was all 
stirred. During the interval in which the test was conducted, a 
total of 2.25 inches of rain fell. It will be noted from the table 
that during the period the plowed soil retained enough water to 
increase the moisture content of the second foot. In the disked 
soil there is no increase in moisture content in the second foot. 
The greater loss of water shown in the first foot in the disked 
soil than is shown in the first foot in the plowed land may be due 
to some weeds having escaped the disk and then having used the 
water, or it may be lue to the water being held closer to the sur-
face in the disked soil and exposed to greater evaporation. 
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TABLE Effect of cultivation and weeds on soil moisture, 1912. 
PER CENT MOISTURE I N THE SOIL. 
Depth April 15 May 3 May25 July4 
-
Feet 
1 16.6 19.4 16.0 14.9 
"O 2 15.9 18.4 16.6 13.5 
"' ..s: 3 10.3 17.7 16.2 13 .4 ,,, 
:.a 4 .. . ... ... .. . . . .... 13.0 
·s 5 .. .. .. ...... . ..... 13.9 
w 6 . ..... . ..... . ..... 13.6 
Average .... 14.3 18.5 16.3 13.7 
---c--,-
"O "' 1 16.0 17.1 14.3 13.1 "' 0 
...,~ 
"~ 2 14.7 16.6 15.2 12.4 >..., 3 9.9 14.9 14.5 13.1 ;§·~ 
;:;..., 4 . . .. . . ... . .. . .... . 12.0 
0;; 5 ..... . . . .. ' .. . . . 9.5 
...,o 
0,,, 6 .. .. . . . .. ...... 8.6 0-0 
- "' Average . . .. 13.5 16.2 14.7 11.5 ~ ' J;I$ 
--:--
"O 1 16.0 16.5 9.1 14.5 !5 bO 
" 0 2 14.5 15.0 8.3 6.5 
-~-~ 3 9.0 9.6 9.0 6.5 
..., 0 §b.O 4 ...... . . . . .... 6. 1 
..., ,,, 5 . . . . ...... .... 7.0 
o"O 6 ..... ..... . . . . 6.9 0 ~ 
'§:::: Average. ... 13.2 13.7 8.8 7.9 
w 
TABLE Plowing versus disking, effect on soil moisture, .1901. 
PER CENT MO ISTURE I N THE SOIL. 
Depth Sept. 2 Sept. 4 Sept. 6 Sept. 10 Oct. 9 
- -
"O Feet 
Q) 1 17.6 17.1 15.8 15.9 14.8 f;: 
0 2 .5.9 8.4 9.1 10.4 11.1 P. 3 5.3 6.1 6.9 6.9 8.3 
·s Average .. ... . 9.6 10.5 10.6 11.1 11.4 w 
--
"O 1 17.0 17.4 15.5 14.8 12.8 
"' ..s: 2 5.9 8.9 6.7 7.7 6.8 ,,, 
:.a 3 6.2 6.2 6.3 6.7 5.8 
0 Average ..... 9.7 10.8 9.5 9.7 8.5 w 
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TABLE 16.-Effect of cultivation on soil moisture 19.10. 
PER CENT MOISTURE IN THE SOIL. 
Disking P lowing 
Depth 
May22 May 28 Gain May22 May 28 Gain 
Feet 
1 13.1 16.8 3.7 14.8 17.1 2.3 
2 10.7 10.9 .... 11.3 14.7 3.4 
3 8.9 8.8 . . .. 9.6 9.3 . . 
Averarre. 10.9 12.2 .. .. 11.9 13.7 . . .. 
In Table 16 are given additional data to sho,w the difference 
between a plowed surface and a disked surface in retaining water 
from a rain During the interval a rain of .85 inch came. Prac-
tically all of the water which fell was retained in the plowed 
land. The disked soil held 65 per cent of the rain, all of which 
was held in the first foot of soil. T n the plowed soil the moisture 
content of the second foot was increased . 
All of the considerable number of tests that have been made 
during the past several years show an advantage of plo,wing over 
disking to store water. In many cases the difference is very
small and depends largely on the weather conditions and the 
weeds that escape the disk. Tf the weather continues dry during 
a test of this kind or if the disking kills the weeds as thoroly as 
the plowing, little difference will be found. If the disking, how-
ever, does not kill all the weeds the difference will be greater, 
depending upon the amount of water used by the weeds. Where
heavy rains come during the test, the advantage of plowing over 
disking will be greater. The plowing puts the soil in better 
shape than does the disk to catch the heavy rains. 
* This rain is shown in the records as 1.44 inches. This amount fell in 
North Platte, as reported by the U. S. Weather Station. The precipita-
tion tables are made from the Weather Bureau records, because they 
are kept at the Substation only during the growing season. 
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TABLE 17.- Effect of cultivation and growing weeds on soil 
moisture 1908. 
PER CENT MOISTURE I N THE SOIL. 
D epth May2 May22 June 11 June 29 July31 Aug.18 Oct. 29 
--
------
------ ---
---
. ol Feet 
"O ..i::: 1 13.6 17.3 17.6 17.4 14.6 13.1 16.6 Q) ..., 
~-~ 2 14.8 18.4 16.7 17.5 16.7 13.7 16.5 
> 3 13.4 16.9 15.0 17.0 15.8 14.2 15.0 E~ ~ 4 13.4 15.3 13.7 16.9 15.8 14.7 15.5 ;:, "..c:: 
" w 5 12.4 12.8 12.7 16.2 14.6 14.0 14.l 
o] 6 12.0 12.0 13.2 15.0 14.1 13.6 13.1 
z~ --- --- --- ---Average .. 13.3 15.5 14.8 16.7 15.3 13.9 15.1 
-- ------
---
---
.i 1 17.8 20.8 20.0 20.4 18.7 16.6 21.3 0 
·.;:: 2 15.7 20.0 18.5 20.9 18. 1 16.4 17.9 
ol 
> 3 14.1 17.0 16.7 18.0 17.0 15.3 15.0 
·.;:: 4 13.8 15.l 15.6 17.5 16.5 15.3 14.4 ;:i 5 13.1 12.8 1/i.0 16.0 15.2 15.2 13.7 
" 0 6 11 .7 11.7 12.8 14.2 13.7 13.8 13.9 
... 
0 --- --- --- ---
..i::: Average. 14.4 16.2 16.4 17.8 16.5 15.4 16.0 
E-< 
-- - --- ---
-3 1 15.3 17.l .... 14.6 12.0 9.0 16.0 
Q) "O 2 14.9 18.3 ... 11.0 9.3 8.1 14.0 
-"' Q) ~ f;: . 3 13.8 16.9 ... 11.9 9.1 7.6 8. 1 
~~ ~ 4 13.8 12.2 .... 9.6 9.0 8.5 7.9 
;:, ol ... 5 12.9 10.8 .... 10.0 7.8 8 .3 7.6 
" w b.() 
"O 6 12.6 11.7 . . .. 11.9 9.7 9.2 8.3 
z 
0 Q) 
---
---
--- ---Q) Average. 13.9 14.5 11.5 9.5 8.5 10.3 ~ . . . . . . 
In Table are given the data obtained in 1908 from samp-
ling three plats, each of which received different treatment. The 
plat laheled "Thoro cultivation" received what was considered 
ideal cultivation. The surface was kept well mulched and free 
of weeds. The plat labeled "Not cultivated. ·weeds cut with a 
hoe," was not cultivated during the entire season. The weeds
were cut with a hoe kept sharp so to disturb the surface as little 
as possible. A few weeds started on this plat, and used some 
moisture. The aim , however, was to cut them soon after start-
ing, to prevent their use of water. Early in August the plat was 
neglected for a few days and the weeds made a considerable 
growth. 
The third plat was harrowed about the middle of April. After 
that date no further work was done, and weeds were allowed 
to grow. The weeds were cut with a mower in August. The idea 
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in this test was t o check the effect of the neglect of cultivation 
with the effect of growing weeds. It is seen from the table that 
each of the plats contained nearly the same amount of water 
at the beginning of the test. No great variation is seen until 
June 29. It is noticed that the difference in wat er content be-
tween the thoroly tilled plat and t he weedy plat is much greater 
than the difference between the thoroly tilled plat and the plat 
not cultivated but kept free of weeds. There was several times 
as much water lost from t he weedy plat as from the one where 
only cultivation was lacking. 
It must be borne in mind that this work was started with a 
soil almost filled with water and carried on during a season of 
heavy rainfall. There was no prolonged or extremely dry spell 
of weather this season. The results apply to the loss of water 
after it has been gotten into the soil , and show that on this type 
of soil under a normal r ate of evaporation gro,wing weeds cause 
a much great er loss of water from t he soil than surface evapora-
tion. We cannot say what the r esults would have been if we had 
started with a soil filled with water and had run the tes,t t hru a 
very dry season. It is probable tho that the loss from an uncul-
tivated surface would be much greater. The results given in 
Table show that during a less favorable season and starting 
with a soil comparatively dry below the ·second foot, there is 
much less water retained from the rains where the surface is not 
cultivated t han is r etained by t he cultivated surface, which fur-
ther proves that from the viewpoint of storing water a cultivated 
surface is essential. 
ARTIFICIAL MULCHES. 
It is a rather common practiceto use artificial mulches among 
shrubs, sma ll fruit. and in some cases vegetables. The Station 
has done some work to determine the value of artificial mul ches 
from the viewpoint of catching and holding the water that fa lls. 
These mulches are usually composed of old hay, straw, or 
manure. From t he viewpoint of ·r etaining water, they are most 
efficient and have a practical application. Wherever it is desired 
to grow shrubs. ornamentals, or small fruit, the mulch can be 
used for retaining water. Against its efficiency in holding water 
the opinion is sometimes advanced that it forms a harboring 
place for injurious, insects. We have no data on t he latter point. 
In the following tables the effect of the mulch on t he water con-
tent of the soil is shown. 
We are offering two tables on the effect of mulch. A number 
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of tests have been made along this line, all of which have given 
practically the same results, and have shown that an artificia l 
mulch of hay or straw ·several inches thick, if kept intact, is more 
efficient than a soil mulch in retaining water. It is obvious that 
water would find less resistance in entering the hay mulch than 
it would in a soil mulch. The hay mulch is also more efficient as 
shown by Table 18 in checking loss from evaporation. 
TABLE 18.-Effect of mulching on soil moisture, 
PER CENT MOISTURE I N THE SOIL. 
D epth August 28 September 5 November 15 
--
Feet 
..d 1 25.7 18.4 16.5 
<:) 2 22.9 16.9 25.0 
:3 3 20.5 16.7 15.9 s 4 14.4 15.9 14.5 
>-. 5 14.1 15.0 14.7 a:! 
~ 6 14.9 15.3 15.5 
Average ... . 18.8 16.4 17.0 
--
1 25.0 14.8 11.1 
..d 2 22.3 15.5 . 9.4 
<:) 3 19.8 15.3 10.1 
:3 4 15.2 15.3 13.3 s 5 13.7 14.5 13.5 0 
z 6 13.6 14.3 12.8 
Average .. 18.3 15.0 11.7 
- -
1 24.8 16.1 14.3 
..d 2 22.3 16.l 14.5 
<:) 3 19.5 16.0 13.8 :3 
s 4 15.5 16.8 14.0 5 12.6 16.5 14.4 
'8 6 13.5 15.5 14.6 w 
Average .... 18 0 16.2 14.3 
The data given in Table 18 were obtained from a small tract 
of land which was watered August 27, 1912. It was intended 
that enough water would be added to saturate the soil to a depth 
of six feet. The sampling August 28 showed that the upper three 
feet of soil contained more water than could be retained against 
gravity, while the second three feet were low in their water con-
tent. A second sampling was made September 5 which showed a 
quite normal or equal distribution of the water. Immediately 
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after sampling on the 28th of August, one portion of the tract 
was covered with several inches of hay . . A second portion was 
not mulched until the surface became dry enough to work, when 
it was stirred to a depth of about one and one-half inches with a 
hoe. The third portion was left untreated. After putting on 
the hay, no further attention was given this mulch. The plat 
where the soil was stirred to retain a mulch was kept · free of 
weeds and the surface stirred occasionally. The por t ion not 
worked at all soon became weedy. Tho only a few weeks of grow-
ing season remained_. a considerable growth of redroot, foxtail, 
and other grasses was produced. Just ho,w much of the water 
lost from the plat not mulched was used by the weeds cannot be 
stated. Judging from the amount of gro,wth, the major por-
tion of the loss must have been from this cause. 
The table shows an average difference in the amount of water 
held until the close of the experiment of a little more than one 
per cent in favor of the hay mulch over the soil mulch, showing 
that a mulch of straw or hay is more effective in reducing surface 
evaporation than one made by stirring the soil. 
TABLE Effect of rnulching on soil moisture, 1911. 
PER CENT MOISTURE I N THE SOIL. 
Depth July 31 August 11 Gain 
--
"O Feet 
oi 1 9.9 15.8 5.9 
z1 2 7.1 6.9 .... 
E 3 7.2 7.2 . ... 
--
>,£ 1 10.8 15.3 4.5 
o:i - 2 7.8 13.5 5.7 
;i:1 s 3 7.9 7.8 . . . . 
In Table 19 are given the data obtained from two samplings 
on adjacent plats of ground. one of which was covered with hay 
as a mulch and the other left bare. During the interval between 
the two samplings a total of l.65 inches of rain fell. The plat 
left not covered r etained from this about .9 inch or 55 per cent 
of the total rain, all of which was retained in the first foot of soil. 
The plat covered with a bay mulch retained 1.57 inches or 95 per 
cent of the total rainfall. More than one-half of t he amount held 
penetrated into the second foot. The hay mulch would reduce 
the loss from evaporation to a minimum while the exposed sur -
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face of the plat not mulched would permit a more rapid loss of 
water by evaporation. · 
LOSS OF WATER FROM THE SOIL. 
There are three ways by which water may be lost after it has 
been gotten into the soil : First, by escape downward by percola-
tion; second hy evaporation from the surface; third, by trans-
piration, or by being used by plants. 
Of the first-named means of loss little need be said. It is sel-
dom that we get enough water into the soil at this Station to 
allow percolation beyond the r each of the plant. P er colation does 
not take place until a soil is :filled beyond its carrying capacity. 
This point is seldom r eached, and, if reached, we cannot control 
'percolation. 
The second means of escape, that is, by evaporation from the 
surface, is to a certain extent under the control of the farmer. 
There will always he some loss, hut it can be reduced to a mini-
mum. The water that evaporates from the surface reaches the 
surface much the same as oil from t he bowl of the lamp reaches 
the flame. The water passes from one soil particle to another 
until it reaches the surface and is los,t by evapo,ration. This up-
ward movement is much more rapid when the soils are wet and 
is retarded as thev drv out. If the surface of the soil is cultivated 
it becomes loose and dry. Either condition tends to r etard the 
further movement of water to the surface. Water moves very 
slowly thru a loose or dry soil. In this section a rain is usually 
followed by a hot sun and wind. These cause a more rapid Joss 
of water from the surface than can be supplied by capillarity 
from adjoining soi l particles. The result is that the soil surface 
soon dries. This is in itself a check to surface evaporation. The 
water from below moves slowly thru the dry surface. If the rain 
was of sufficient amount to make the surface smooth and connect 
with the under moisture, it should be stirred as soon as practical. 
In order to r educe evaporation from the surface to a minimum, 
it is essential to have on the surface not only a dry soil, but a 
loose soil. Cultivation will stir the surface soil, cause it to dry 
out more quickly, and leave the soil grains not so closely in con-
tact. The fewer the points of contact between the small particles 
of soil and the drier thev become, the more effective is the mulch 
in reducing evaporation Another reason for cultivation soon 
after a rain especially where a field is bare, is that a smooth soil 
blows much more quickly than a rough soil. This of course, 
applies to the soils that ar e light enough to blow and in regions 
of frequent high winds . 
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On this type of soil we feel that two to three inches is suffi-
ciently deep to make an effective mulch. Where the mulch is 
too shallow, there will be enough circulation of air thru the 
mulch to cause considerable loss. On this soil almost any imple-
ment that stirs the surface can be used if it does not pulverize 
the soil too finely. Where the surface has become so dry that 
the drag-harrow pulverizes, we prefer the disk. On still lighter 
soils the disk might pulverize too much and make some other im-
plement preferable. The objections to a real fine or dust mulch 
are that it will blow and that it offers too great resistance to the 
penetration of water. 
The third means of escape of water from the soil, that of 
being drawn out by growing vegetation, is much more effective on 
this type of soil than surface evaporation (see Tables 14 and 17). 
Considering only the moisture content of the soil, the water used 
by any plant is lost. From the point of view of the farmer, only 
the water used by weeds is lost. This is, of course, a real loss, 
since the weeds have little value. The water that is taken up 
by the roots of the crops, passed thru the plant, and then exhaled 
by the leaves, has served its purpose in plant growth. It is for 
that purpose that we strive to store the moisture in the soil. 
DEPTH TO WHICH CROPS HAVE USED MOISTURE. 
The depth to which a crop will use moisture depends upon 
the root development of the crop, the length of its growing sea-
son, its normal development, and the type of soil on which it is 
being grown. 
Some crops make more root development than others and 
naturally send their roots deeper into the soil to obtain water 
and plant food. An extreme example of deep feeding is seen in 
alfalfa. Other crops feed to a lesser depth. The length of the 
growing season also affects the depth to which water is used. 
A perennial crop. such as grass, will dry the soil to a consider-
ably greater depth in a series of years than it will in one year
It may be that there is some continued growth of the roots, and 
that t hey keep growing so long as they can find water; or the 
drying of the lower soil may be due to the water being brought 
to the roots by capillary action during the greatly extended time. 
Winter wheat, due to its longer growing season, develops a deeper 
root system than does spring wheat and consequently uses the 
water from a lower depth than does spring wheat. 
During a very unfavorable season a crop may become so, in-
jured that it will not make normal development and consequently 
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does not use the water to as great depth as it would had it de-
veloped normally. Indications of this were observed in a number 
of plats in 1911. The crops were so damaged by the hot winds 
that they died while available water was within their reach, had 
they made normal devolopment. The water was not available in 
considerable amount but could have been used under normal con-
ditions. The demand for water, under such extreme conditions, 
was greater than could be supplied from a soil so nearly dry and 
to a plant in a weakened condition. 
The type of soil is an important factor in determining the 
depth to which crops will feed. On a loose or a sandy soil that 
offers but little resistance to the penetration of the roots, a plant 
will send its roots to a greater depth than on a heavier soil that 
offers more resistance. A layer of gumbo or hardpan underlying 
the surface soil at no great depth will prove more o,r less im-
pervious to plant roots and cause the crop to feed in the soil 
above. Shale or rock has the same effect but it is mo,re marked. 
It is a matter of common observation that during dry seasons 
the crop will suffer first on those spots in the field where an im-
pervious stratum of some kind comes nearest the surface. 
In the following tables are given data to indicate the depth to 
which some of the various crops send their roots and use the 
moisture. The per cent of water in the soil at seeding time and 
at harvest is show'n. Summer tilled land was used in every 
test. This, in every test, gave available water in every foot-
section to a depth greater than the plant would use it. By com-
paring the water content of the soil at seeding and harvest times 
we can see to what depth water was used: 
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TABLE Depths to which crops have used moisture Summer tilled land. 
PER CENT M.OISTURE I N THE SOIL. 
1907 1908 1909 1910 1911 1912 
Seeding I Harvest Seeding Harvest Seeding Harvest Seeding Harvest Seeding Harvest Seeding Harvest 
- -----
- -- ---
_ _ I _ _ 
------------------
14.7 10.0 19. 1 8.3 18.6 8.3 14.2 8.7 12.2 6.0 16.5 11.2 
14.2 8.6 16. 1 8.6 16.2 8.0 17.0 8.8 12.2 6.9 6.7 7.7 
15.9 8.2 14.6 8.7 15.0 7.5 16.8 8.5 10.1 8.1 16.7 7.8 
.... 8.8 14.2 9.3 15.1 8.1 16.0 9.5 12.3 10.8 12.6 8 .6 
10.3 16.9 15.4 17.8 10.8 17.2 15.2 13.7 12.7 14.4 11 .9 
.... 10.7 16.3 14.9 16.6 14.2 18.4 15.0 13.8 11 .4 13.3 12.9 
--- ------ ------
---
---
---
- --
---
------
15.7 7.8 15.9 10.0 19.8 11 .1 16.7 7.6 12.4 10.5 18.9 6.9 
16.9 8.2 15.7 8.7 16.0 9.7 16.0 9.5 12.0 7.2 17.6 6.8 
15.9 7.9 15.4 8.2 15.4 8 .5 15.1 7.1 11 .3 7.4 14.7 6.6 
. . .. 8.6 14.9 9.0 16.0 9.0 14.7 8. 1 12.0 8.6 13.8 8.2 
.... 12.6 18.9 13.2 19.5 14.3 17.9 7.6 15.5 12.4 15.8 13.4 
.... 13.9 18.0 14.3 17.8 14.9 18.7 14.4 14.6 13.3 15 .3 12.8 
-
------
---
------
16.6 9.6 17.2 11.6 18.1 10.8 14.8 14.4 11 .6 6.6 17.7 6.6 
16.9 11.5 15.4 10. 1 16.5 10.2 15.2 9.1 11 .8 6.7 15.2 6 .8 
15.3 10.2 14.1 9.9 15.4 8.9 13.9 8.3 . 11.0 8.9 13.8 7.3 
.... 12.3 15.5 11.0 15.4 8.3 17.4 8.5 12.3 10.9 12.9 8.9 
. . . . 14.9 18.8 15.7 18.8 12.7 10.2 14.5 14.7 14.7 15 .5 14.5 
.... 17.4 18.5 15.6 18.5 13.7 18.2 15.5 14.6 13.7 14.6 13.2 
Average 
per cent 
moisture in 
soil at har-
vest timP 
8.8 
8.1 
8.1 
9.2 
12.7 
13.2 
9.0 
8.4 
7.6 
8.6 
12.3 
13.9 
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14.5 
14.8 
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TABLE 21.- Dcpths to which crops have used rnois ture. Summer tilled land. 
PER CENT MOISTURE IN THE SOIL. 
~ 
Cl) o. :9 per cent 1907 j 1908 J 1909 1910 J 1911 J 1912 J Average 
2 it moisture in <Z! 
'-' I A I Seeding I R•ms Soodi•gl H"vM Seoling I H"vMt Sooding I H"vM Scedi•g I HMv~ Sooding I limes -~~:'u:::':- ~ 
- 1--l---1---1---1---1---1---i-1---I---I---I---I---I-----
Ft 
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~ 12 S 3 
C) 4 
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18.9 
16.8 
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11.1 
9.0 
9.2 
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14.4 
17.6 
17.2 
7.5 
9.2 
9. 1 
9.9 
14.9 
15.0 
17.5 
15.9 
14.7 
14.7 
17.2 
15.7 
10.1 
9.7 
10.0 
13.1 
16.8 
· 16. 1 
18.1 
16.9 
15.4 
14.2 
18.7 
17.2 
16.2 
10.1 
10.2 
12.8 
16.4 
15.5 
20.1 
17.4 
14.3 
13.6 
17.5 
16.5 
12.4 
14.0 
13.8 
16.1 
16.9 
12.6 
18.3 
16. 1 
15.2 
14.9 
18.0 
17 .1 
15.9 
9.6 
10.3 
10.7 
14.1 
13.3 
12.2 
10.3 
10.4 
12.5 
15.8 
14.5 
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It will be noted from Tables 20 and 21 that in most cases 
a rather distinct break is shown in the water content at harvest 
time at some depth. Take for example oats. There is in every
case a more or less wide break in the amount of water at harvest 
time between the fourth and fifth foot-sections. In fact this is 
generally true of all spring small grain crops. The break ap-
pears in the record to be abrupt. This is not quite true in the 
field, but is due to the method of taking the samples. The 
samples are taken in foot-sections and the break appears to 
come abruptly between them. 1f the samples were taken in 
inch-sections a gradual lessening in water content would be 
found to extend thru several inches. This rather abrupt break 
in water content seems to indicate the feeding depth of the roots. 
A sufficient number of roots go down to this point to take out 
most of the available water. There are frequently indica-
tions of loss of water from the section just below the drier soil. 
A few roots may have entered this lower depth and used some 
water, or the loss may be due to some water having moved by 
capillary action into the feeding zone of the roots. The amount 
of this water used by the roots from the lower depths is very 
small. 
It will be noted in the tables that the first foot and even the 
second foot sometimes show considerable water at harvest. This 
water has been retained from rains coming after the crop ma-
tured and was not left there by the growing crop. The soil 
sampling marked "harvest" has not in all cases been taken im-
mediately after harvest but has been taken before any water ha.d 
reached the lower depths. In some cases a rain would come be-
fore the crop was off the ground, but after it bad matured. In 
the column showing average moisture content of each foot-sec-
tion at harvest, the amount of water in the first and second foot 
cannot therefore be taken as the limit to which the moisture was 
reduced when t he crop had matured This is especially true of 
winter wheat and corn. These amounts were obtained by aver-
aging the amount of water at harves,t in t hat foot-section· for a ll 
the years. 
From Table 20 it will be seen tha.t oats, spring wheat, and 
barley feed to a depth of four feet or a little more. In some 
cases, as spring wheat in the available water has been 
used from the fift h foot. Taking t he average, however, it shows 
the fourth foot dry and the fifth rather moist. Table 21 shows 
that corn does not t ake out as much water as do t he small grain 
crops This is probably due to the lesser number of plants on a 
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given area and not to less ability of the plants to get water. 
Much the same results have been obtained from growing cane in 
rows. When the cane is drilled over all the ground and a greater 
number of plants must be supported, more of the water is used. 
The table shows that the corn feeds to a depth of at least four 
feet in this soil. 
Winter wheat feeds deeper than corn or spring grain. It uses 
water from the sixth and the seventh foot The difficultv in de-
termining this point has been to get enough water in the soil at 
those depths so that the break in moisture content would show 
plainly. Many times there has been no available water in those 
sections even tho the field bad been summer tilled. The evidence 
is that the roots penetrate to six or seven feet when there is 
available moisture. This is in accord with work done by the
Wyoming Station and reported in an unnumbered pamphlet. A 
winter wheat plant was dug out and showed roots about six 
feet long. 
EFFECT OF WEEDS. 
As much water is required to grow a pound of dry matter in 
weeds as is required to produce the same amount of dry matter 
in some of the farm crops. From the standpoint of the farmer 
who is farming under a limited r ainfall, weeds are his worst 
enemies. Any water used by weeds is lost to the crop. It is 
hardly practicable to keep a ll weeds down, but the crop is usually 
eut short to the extent that it has been robbed of the water by 
weeds. 
In the following tables we give data showing the effect of 
weeds on soil moisture. Weeds have the additional harmful 
effect of using available plant food, and, if allowed to use all 
the available water leave the soil in such a dry condition that 
extra labor is required to get it into a good state of tilth. 
* Bui. No. 284, Bureau of P lant Industry, U. S. Dept. of Agr., by Briggs 
and Shantz. 
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T ABLE 22.- E ffect of weeds on soil moisture, 1901. 
PER CENT MOISTURE IN THE SOI L. 
Depth June 15 July 3 August 23 September 21 
--
00 t::11 Feet "Cl c= (!)-~ 1 16.9 11 .9 8.7 9.5 ~~ 2 17.9 15.0 11.9 8.3 
f bh 3 16.6 14.9 12.7 8.0 
"'"' ..c: .... Average . ... 17.1 13.9 11.1 8.6 ~~ 
--
"' 1 19.2 18.7 17.9 17.2 "Cl 
Q.) 2 19.1 17.0 17.7 16.3 Q.) 
11' 3 15.7 16.5 15.7 15.9 
0 
z Average ... . 18.0 17.4 17.1 16.5 
T ABL E 23.-E ffect of weeds on soil moisture, 1908. 
PER CENT MOISTURE I N THE SOIL. 
Dep th May 22 June 29 July 31 August 18 October 29 
-
(!) Feet 
.... 
Q.) 1 17. 1 14.6 12. 0 9.0 16.0 11' 2 18.3 11 .0 9.3 8.1 14.0 00 t::11 
"Cl c= 3 16.9 11 .9 9. 1 7.6 8.1 Q.). ~ 
(!) i,: 4 11 .2 9.6 9.0 8.5 7.9 i,: 0 5 10.8 10.0 7.8 8.3 7.6 f Sh 
Q.) 6 11 .7 11.9 9.7 9.2 8.3 
..c: 
~ Average . . . . 14.3 11.5 9.5 8.5 10.3 
-
c= 1 20.8 20.4 18.7 16.6 21.3 ~ 
0 2 20.0 20.9 18. 1 16.4 17.9 
"C 
0. 3 17.0 18.0 17.0 15.3 15.0 
Q.) 4 15. l 17.5 16.5 15.3 14.4 
~ 5 12.8 16.0 15.2 15.2 13.7 
00 6 11 .7 14.2 13.7 13.8 13.9 "Cl Q.) 
Q.) Average. 16.2 17.8 16.5 15.4 16 .0 ~ . .. , 
The p lats from which the data given in Tabl e 22 were ob-
tained were treated a like unti l t he first of J une. At this date 
weeds were starting on both plats . They were a llowed to grow 
on one plat while the other one was cultivated and kept clean. 
More than three and one-half inches of water were lost from the 
upper three feet of soi l where weeds were grown as compared 
with t hat kept clean. 'l'he soil was as dry as it would have been 
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had it produced a crop. Cases similar to this are sometimes 
seen on farms where a tract is being summer tilled. The land 
is kept clean and water stored during a portion of the season. 
Then other work becomes urgent and the summer tilling is neg-
lected. The weeds come on, using a part or all of the accumu· 
lated water and the previous labor is largely lost. 
The work shown in Table is a continuation of that shown 
in Table 22 for 1907, on the effect of weeds. The same plats 
were used. There is a difference of almost two per cent of water 
at the first sampling. The plat that is kept cultivated does not 
accumulate any additional water during the season, as it is 
already filled with water. T nstead of being summer tilled it 
should have been cropped. The plat that was allowed to become 
weedy lost moisture thruout the season, and was as dry at the 
time of small grain harvest ·as it would have be:en if it had been 
cropped. The plat that was 'kept clean contained more than five 
inches more water than the plat which grew the weeds. 
TABLE Effect of weeds on soil moisture 1.911 . 
PER CENT MOISTURE I N THE SOIL. 
D epth Weedy No weeds 
P,et 
1 8.7 14.7 
2 8.5 10.1 
3 7.0 7.2 
Avernge ...... . . ... . . ... . . 8.1 10.7 
The data given in Table 24 were obtained from a field which 
was being plowed May 20, 1911. Tt was noticed that where 
weeds were growing the soi l was very dry a nd turned over lumpy 
and hard Where ther e were no weeds, the soil was in good 
condition to plow and work down for a seed be:d. Samples were 
obtained and the difference in the moisture content ascertained. 
The weeds were mainly Russian thistles a nd were small, averag-
ing only two to three inches high. Their growth, however, had 
consumed over a n in ch of water, mainly from the first foot of 
soil. Had the land been worked and these weeds killed early in 
the season. this water would have been saved for the use of the 
crop and less labor required to prepare a good seed bed. Similar 
conditions are sometimes seen during dry seasons in fields which 
58 Research Bulletin No. 5 
are being listed to corn. Where the weeds have been killed by a 
previous disking or other cultivation, the soil is in much better 
condition to list than where the weeds are growing. In seasons 
of more rainfall, the difference is less evident because frequent 
rains supply the water used by the weeds from the soil near 
the surface. 
TABLE 25.-Effect of weeds on soil rnoisture, 
PER CENT MOISTURE I N THE SOIL. 
Depth April 15 July 4 November 5 
--
<I) Feet w~ 1 16.0 14.5 12.6 ~ 8 2 14.5 6.5 9.5 ., bl) 
"Cl 0 3 9.0 6.5 7.3 ill+> 4 .... 6.1 6.1 
~"Cl 
<I) 5 .. .. 7.0 6.6 
<I)~ 
a:3...s 6 .... 6.9 6.8 
..i:: ~ ~ ol Average .... 13.2 7.9 8.2 
--
<I) 
.... 1 16.0 13.1 14.3 <I) 
~ Q 2 14.7 12.4 14.5 
00 ~ 3 9.9 13.1 13.8 
"Cl 0 
:ll"O 4 .... 10.0 14.0 
~...., 5 .... 13.5 14.4 
<I) 0. 
.... <I) 6 .. .. 8.6 14.6 
<I)~ 
..i:: Average .. 13.5 11 .8 14.3 ~ .. 
The data given in Table 25 were obtained from a test made 
where a small tract of land which had been fall plowed was 
allowed to become weedy. Another portion was kept cultivated. 
The plat where the weeds were kept down contained almost six 
inches more water at the close of the test than the weedy plat. 
TABLE 26.- Etfect of weeds on soil rnoisture. 
PER CENT OF WATER IN THE SOIL, JUNE 23, 1913. 
D epth Soil free from weeds Weeds growing Loss by weeds 
I r·hes 
1-6 20 .6 8.8 11.8 
7-12 18.4 8.7 9.7 
13-18 17.0 9.1 7.9 
19-24 11.4 9.1 2.3 
25-30 8 .5 8.2 
31-36 8.4 8.0 .. '. 
'l'h e S torage and Use of Soi l Moisture 59 
The data given in Table 26 were obtained from two plats 
w;hich were being summer tilled during the summer of 1913. The 
one kept free of weeds is wo,rked according to the usual method 
of clean fallow. The other is plowed after the weeds start in 
order to save labor in t he summer tilling process. Both plats 
grew a crop of winter wheat in 1912 and at harvest time con-
tained practically the same amount of water. It will be noted 
that where weeds were growing practically no moisture had been 
accumulated in the first three feet. Where the weeds were kept 
down, moisture was accumulated to a depth of two feet. By 
Growth of weeds on weedy fallow referred to in Table 26. 
keeping the weeds down, between two and one-half a nd three 
inches of water have been saved in the upper two feet of soil. 
The data given in Table 27 were obtained from an experiment 
on disking grain stubble after harvest. A portion of the field 
was disked with a weighted disk. A portion of the field where 
weeds were growing was chosen for the work before disking. The 
disk killed most of the weeds The balance were killed with a hoe. 
The work was of short duration, clue to the fact that the field 
was plowed soon after the last sampling date. About two inches 
of rain fell after t he disking was clone and before the final 
sampling. It will be noted from the table that the weeds nsed 
this water. None of it got into the soil as deep as th e second 
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six inches. The soil was devoid of available water at the last 
sampling. Where the weeds were killed, a little more than 
one-half of the rain which fell was saved. The second six inches 
was moistened, and the soil was in good condition to plow. We 
attribute this difference more to the killing of the weeds than 
to the fact that the surface soil was disked. However it was the 
disking that killed the weeds. 
TABLE 27.-Effect of weeds on soil moisture
PER CENT MOISTURE IN THE SOIL 
Depth July 27 July 29 Aug. 2 Aug. 5 Aug. 12 
"C Inches 
~.,. 1-6 21.2 14.6 21.6 16.5 12.0 
·- 00 7-12 9.4 9.8 9.6 11.4 13.0 ~-
"O 24 5.4 5.3 5.4 5.7 6.5 00 .J:i 15."!: 36 5.4 5.7 5.3 5.9 5.7 ~~ Average ..... 8.7 7.7 8.8 8.5 8.2 
--
bO 
i::: 1-6 17.2 9.6 19.0 13.6 6.2 
-~ 
0 7-12 6.8 6.6 6.8 6.4 5.7 
.... 24 5.8 5.7_ 5.8 5.8 5.6 bl) 
,,, 36 6.3 6.2 6.1 6.8 6.2 
"O 
<l) Average . .. 8.0 6.7 7.9 7.5 5.9 <l) .. 
::i: 
In Chart VI is graphically shown the water content, by foot 
sections to six feet, in the soils of three plats receiving different 
treatment The data are shown in Table 17. The solid line 
represents the water content of a plat receiving the best tillage 
we could give it. The broken line represents the water content 
in a plat not cultivated but the weeds kept down with a hoe. 
The line designated by crosses represents the wa ter content in a 
plat where weeds were allowed to grow. This chart shows that 
growing weeds were a much greater factor than lack of cultiva-
tion in losing water from this soil when previously filled with 
water. After the weeds had been killed by frost so that they 
were no longer using so much water, rains partia lly filled the 
first two feet of soil. '1.'he difference at the last sampling is 
therefore not so great as earlier in the season. 
Chart VII shows graphically the use of water from the soil 
by a corn crop. For explanation of chart, see that given for 
Chart III. This plat w1as summer till ed in 1907 and cropped to 
CHART VI.- EFFECT OF WEEDS AND CULTIVATION ON THE MOISTUR E CONTENT OF THE · 
SOIL. 
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CHART VTI.-USE OF AVAILABLE WATER BY A CORN CROP. 
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corn in 1908. At the sampling about June 20, the moisture con-
tent of the first three feet is above carrying capacity. This 
sampling was done so soon after a rain that the moisture had 
not had time to move downward. The first sampling in July
shows that this moisture had moved into the lower depths, as 
indicated by the abrupt rise in the curves in the fifth and sixth 
foot-sections. After July 20 the crop not only uses the light 
rains that come but uses the available water from the first four 
feet of soil. The use of the water from the first three feet of 
soil is rather gradual and simultaneous. From the fourth foot 
it is abrupt. The first four feet are dried to about 10 per cent. 
The fifth and sixth feet contain 15 per cent at harvest, showing 
that the roots feed to at least four feet. 
The data in Table 28 were obtained from frequent sampling 
made on a plat summer tilled 1912 and growing spring wheat 
1913. It was hoped to show more clearly how the moisture is 
used from the soil. At the first sampling the first and second 
feet are taken in foot-sections. Thereafter they are divided into 
six-inch sections. The table shows the soil practically filled with 
water at the first sampling. Very little water is used the first 
month. Rains occasionally replenish the water near the surface. 
On June 23 the third foot was practically dry and on July 8 
the fourth foot was dry. Some water is los,t from the fifth and 
sixth foot-sections but the abrupt break in water content comes 
between the fourth and fifth foot-sections. 
In Chart VIII is shown the use of the soil water by spring 
wheat. In each case the crop was on summer tilled land. Only 
the water available to the crop, or that above 8 per cent, is rep-
resented. The depth is indicated on the left of the chart. The 
dates shown indicate when the samples were taken. Each small 
vertical space represents 5 per cent of available water. 
The chart shows that under the favorable rainfall conditions 
the crop did not reduce the water content of the soil until after 
the June samples were taken. There was enough rainfall to 
replace any water that was used. In 1909 the July sampling 
showed the water used from the first and second foot had been 
replaced with water from a recent rain. 
In 1908 the crop was seeded April 4 and harvested August 3. 
The yield was 40.5 bushels an acre. In 1909 the seeding was done 
April 12. The crop was harvested .July 29 and yielded eighteen 
bushels an acre. The crop this year was injured by a freeze in 
April. The chart further proves that spring wheat feeds to a 
depth of four feet. Tn each case it used practically all the avail-
TABLE Use of water from soil by spring wheat, 1913. 
PER CENT MOISTURE IN THE SOIL. 
Depth April May May May June June June June June June June 
28 26 30 31 2 5 7 10 13 18 20 
----
----------------
Jn,·he.~ 
1-6 .... . .. . . . . . . . . .. . 16.5 9.5 16.4 13.5 14.4 17.3 13.1 16.1 9.6 13.7 
7-12 . . . . . .. .... . ... 17.7 14.7 12.0 12.7 10.3 11.4 12.2 10.0 9.8 8.6 8 .5 
13-18 ..... . .. . ..... .. .. .... 15.3 13.3 13.3 11.7 11.8 12.8 10.2 11.0 8.9 8.7 
19-24.. . . .. . . . . . . . .. .. 15.7 15.3 13.8 13.9 12.7 13.0 13.3 11.1 10.5 9.7 8.3 
36 .... ....... .. . ..... 15.6 .... 14.2 . . .. . ... . . . . .. . .. . . .. 
48 · ...... . .... . . . .. 15.6 ... . . . ' . . . 15.4 . . . . . . .. . ... . ... . . .... 
60.. . . . . . . . . . . 18.7 .. . . ... 18.6 . . . . 
72 . .. . . .. .. . . . . . . 16.9 17.0 .. . . 
June June 
23 30 
----
9.6 6.1 
9.1 6.9 
8.8 7.2 
8.9 7.8 
9.2 
12.9 . ... 
18.0 .... 
15.6 
July 
8 
--
6.2 
7.4 
7.5 
7.3 
7.7 
8.6 
14.9 
14.6 
C, 
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~ 
c:,:, 
"' (';) 
~ 
i 
C-1 
~ 
~ 
<-+-
"'· ~ 
!<: 
~ 
<:Ji 
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CHART VIII.-USE OF AVAILABLE WATER FROM THE SOIL BY 
SPRING WHEAT. 
From top to bottom each division of the chart represents one foot-
section of soil. From left to right each division of the chart represents 
5 per cent available moisture. 
66 Research Bulletin No. 5 
CHART IX.--USE OF AVAILABLE WATER FROM THE SOIL BY 
SPRING WHEAT. 
/'Ill 
Ma,·clt 21 
1912 
June 
II 
Jul~ 
2 
From top to bottom each division of the chart represents one foot· 
section of soil. From left to right each division of the chart represents 
5 per cent available moisture. 
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able water to that depth and did not use any appreciable amount 
from below four feet. 
Chart shows again the use of the available water by the 
crop. In each case the land was summer tilled the previous year, 
and the crop used was spring wheat. In 1911 the first sampling 
does not show the usual amount of available water. As pre-
viously shown, summer tilling in 1910 did not accumulate much 
water. June 23, the last sampling, shows some available water 
in the third and fonrth feet. At this date the growth was still 
sustaining itself and showed evidence of making a crop. Grass-
hoppers, however destroyed the crop soon after this date and 
the sampling was neglected. A sampling made early in Sep-
tember showed no available water in the fourth foot. 
The 1912 chart shows an increase of available water during 
April and May It also shows the use of the water from the 
soil earlier in the season than was shown for either year given 
in Chart VITI. A comparison of the distribution of the rainfall 
for these years will account for this. T'he crop was seeded April 
12, harvested July 25, and yielded 10.5 bushels an acre
Charts X to XV are offered to show the effect on the moisture 
content of the soil of continuous cropping to small grain. 
The same general explanation that was given for Chart III 
will answer for Charts X to XV inclusive. The curves shown in 
these charts represent the moisture content for each foot-section 
of soil to a depth of six feet. All rains of one-tenth inch or more
are shown in the division for precipitation. The seeding and 
harvest dates are marked on each chart, except 1911, when there 
was no harvest. The yields are shown for each year. Each chart 
represents the moisture content of the same plat for the year 
shown thru the six consecutive years. This plat has grown the 
same crop, spring wheat, and received much the same tillage each 
year. It is fall plowed and harrowed as soon as practical after 
harvest. 
In the spring of 1907 the soil was practically filled with water 
to a depth of three feet. This was as deep as the sampling was 
done. The first sampling after harvest shows the soil dry to four 
feet. 
The first sampling in 1908, as shown in Chart XI, shows
available water in the first two feet of soil. This had been re-
tained from rain or snow during the winter. The first and 
second feet were completely filled by the heavy rains in May. 
June .shows a very heavy rainfall and some water passed into 
the third foot. Below this there was practically no change in 
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CHART X.-MOISTURE CONTENT OF P LAT CONT INUOU SLY 
CROPPE D TO SPRING W HEAT. 
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CHART XI.-MOISTURE CONTENT OF PLAT CONTINUOUSLY 
CROPPED TO SPRING WHEAT. 
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CHART XII.-MOISTURE CONTENT OF P LAT CONTINUOUSLY 
CROPPED TO SPRING W H EAT . 
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CHART XUI.-MOISTURE CONTENT OF PLAT CONTINUOUSLY 
CROPPED TO SPRING WHEAT. 
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water content. At harvest all available water within reach of 
the crop had been used. Chart XII shows available water in 
the first two feet of soil. This was held from the very heavy rain 
in October. 1908, shown in Chart XI, and from the snow shown 
in February, During the entire season, tho there were 
several heavy rains. no water reached the. third foot The chart 
indicates a change in the water content of the fifth foot. This is 
doubtless due to error for there is no such change indicated in 
the third and fourth feet. 
Chart XIII shows at the first sampling an accumulation of 
water in the firs,t foot of soil and a very little available water in 
the second foot. The third foot and below remain dry thruout 
the season. The second foot becomes dry during May and re-
mains dry thruout the r emainder of the season. It will be noted 
from this chart that during the latter part of May all avai.Iable 
water was exhausted from the soil. From this time until harvest 
the crop was entirely dependent on the rain. Just enough rain 
came to pull the crop thru. The crop did not ripen naturally, 
but simply dried. This is shown by the harvest date which is 
very early as compared with the preceding years shown. 
Chart shows that there was no available water in the 
soil at seeding time. 'l'his made the c,rop entirely dependent on 
the seasonal rainfall. The rainfall was deficient. During the 
early part of the season, while the crop w:as small and using very 
little water, only a small amount of water accumulated in the 
second foot. The latter part of May the crop began to suffer. 
By June 4 all growth had ceased, and by June 15 the crop wa.s 
dead. With the exception of the slight increase in water con-
tent of the second foot in May it remained dry all the season 
until the heavy rain in October. The second foot was practically 
dry from the last of July until the first of October , 1911. 
Chart shows available water in the first two feet of 
soil in February 1912. In May the moisture has increased, 
filling the first three feet and passing into t he fourt h. fifth, and 
sixth. The rainfall of May and June was almost as low as for 
the same months in 1911. The crop had the reserve water in the 
soil to draw upon, however, a nd made a yield of ll.2 bushels an 
acre The chart shows how rapid the crop will use water from 
the soil when it is forced to depend almost entirely on the water 
in the soil. Without the reserve in the soil the crop would have 
died of drouth in May or .Tune. 
The heavy precipitation of March and April. 1912, supplied 
water to the third foot of soil for the first time since it became 
dry the latter part of ,Tune, 
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CHART XIV.-MOISTURE CONTENT OF PLAT CONTINUOUSLY 
CROPPED TO SPRING WHEAT. 
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CHART XV.-MOISTURE CONTENT OF PLAT CONTINUOUSLY 
CROPPED TO SPRING WHEAT. 
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The fourth foot had ·been dry since harvest, 1907. This shows 
that it requires large quantities of water to wet the soil to a 
depth of four feet. It is seldom done on this type of soil and 
under our rainfall except by summer tillage or irrigation. 
D epth 
Feet 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
TABLE 29.-Effect of capillarity on soil moisture. 
June 24, 
1910 
8.5 
8.2 
8.2 
8.0 
8 .4 
8.2 
8.3 
7.4 
8.9 
10.6 
10.3 
10.8 
10.8 
12.8 
21.0 
Alfalfa on bench land. 
PER CENT WATER IN SOIL. 
M arch 20, June 29, April 22, 
1911 1911 1912 
10.5 8.5 21.0 
8.8 8.5 15.0 
8.5 8.4 8.4 
8.7 8 .7 8.4 
8 .7 9.1 8.2 
9.4 8.6 8.9 
8.9 9.3 8.7 
9.0 9.1 9.0 
11.1 9.1 10.1 
13.0 9.7 13.7 
12.2 
-9.8 12.2 
13.0 9.6 12.7 
14.0 15.0 15.7 
19.3 17.2 21.3 
24.6 21.0 24.8 
Nov. 14, 
1912 
11.6 
8.7 
8.2 
8.1 
8.7 
8 .7 
9.1 
9.2 
9.4 
11.6 
11 .3 
10.1 
11.2 
14.4 
20.5 
April 2, 
1913 
21.6 
17.3 
16.5 
9.1 
9.1 
8.9 
8.9 
8.4 
9.7 
14.1 
12.3 
12.1 
16.9 
22.2 
27.6 
The data given in Table 29 were obtained from a field of a l-
falfa growing on the bench land. Sheet water is from 17 to 21 
feet below the surface. There is a rise and fa ll in the level of 
the sheet water during the year , depending on the flow in the 
river two and one-half miles north. 
The table shows that during the winter months when the 
alfalfa is not using the water, there is an increase in the mois-
ture content of the soil from the sheet water to the ninth foot 
from the surface. The table shows a fluctuation in the water 
content of the first three feet of soil, due to water from rains or 
snow on the surface. Practically no change is found in the 
water content of the next five feet. No water has passed tbru 
this to increase the content below. The lowest section obtained. 
the fifteenth foot, being closest to sheet water, is most nearly 
saturated. 'L'he amount of water in each section abo,ve this 
diminishes until we reach a point where capillary action is 
equalized by the force of gravity and the upward movement of 
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water stops. During the summer the crop uses this water. The 
fifteenth foot is, however, close enough to the sheet water so that 
there is a constant supply rising within the soil zone occupied 
by the lower roots of the alfalfa. It should be remembered that 
this rise of water into the lower levels shown in Table 29 is due 
to the presence of sheet water only a few feet below, so that the 
upward rise of water in this soil does not in any way diminish 
the per ceot of water in the soil immediately belo,w it and that 
this action would cease very soon after the free water was ex-
hausted. 
The soil in this field has not been dried in anv section as drv 
as the same section in the alfalfa field on the table-land. The 
plants seem to find it easier to raise the water from below than 
to take more from the soil in the intermediate sections. During 
the years 1910 and 1911 a field of alfalfa on the table-land died 
for lack of moisture. The alfalfa was seeded in 1902 and was 
well established in the soil. During the same years the alfalfa 
on the bench not only lived thru but produced almost normal 
crops of hay. 
In Table 29 was shown the effect of capillarity when operat-
ing just above a constant supply of free water. Under these 
conditions the force was very active a·nd within certain limits 
would be a great factor in crop production. In Table 30 are 
given data to show its effect when remo,ved from a supply of free 
water. In this table the fourth foot of soil is shown to be prac-
tically dry from .June, 1910, to .July, 1911. The fifth foot con-
tains about four per cent more water, and is only three or four 
per cent below saturation. We do not find, however, that any 
water is drawn from the fifth foot to replace that which had been 
used by the crop from the fourth foot. Even in a period of seven-
teen months the content of either foot remains very little 
changed. In fact we have abundant proof that capillary move-
ment is feeble in soils that are dried any considerable extent 
below the saturation point. The evidence indicates that, in the 
main, the plant roots. to obtain water, extend themselves into the 
soil zone where available water is present, rather than depend 
upon the water being brought to them by capillarity. 
TABLE 30.--Effect of capillarity on soil moisture. 
1910 1911 
Depth 
May June July August Sept. March April May May 
3 17 19 15 28 21 26 8 23 
Feet 
1 ...... . . . . . . . .... 16.7 7.9 7.6 12.7 16.3 10.4 21.6 16.8 20.6 
2 .. . . . . . .... . ... .. 16.0 8.5 9.5 7.8 9.4 9.0 9.5 13.8 13.1 
3 .... .. . .. .... ... . 15.1 8.1 7.1 7.8 8.0 8.8 8.0 7.6 8.8 
4 . .. . . . ... .. . . .. . 14.7 9.7 8.1 8.8 9.6 9.9 . 10.1 9.6 9.7 
5 . . .. . ... . .. .. . ... 17.9 15.6 14.0* 13.4 13.2 13.8 14.3 13.7 13.3 
6 .. .. ··· · ·· .. . . 18.7 17.4 14.4 14.0 13.8 13.9 13.4 14.1 13.7 
* Estimated. 
J une Sept. 
23 11 
17.1 16.6 
14.3 15.1 
7.8 12.6 
10.3 9.6 
13.7 13.7 
13.5 14.6 
Oct. 
20 
19.5 
17.5 
14.5 
10.1 
13.6 
14.0 
~ 
(1) 
~ 
0 
" ~ ~ 
(1) 
~ 
~ 
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TABLE Water required to produce one pound of dry matter 
of various crops. 
s l rn 0 I 0, '"O :>-. "' ..., "' ... "' ... 0 ..c: ... 0 
_;j '"O 
..t: ·s 0 "' 0. ol '"0-Average if./ !,{;.s :a '"O~ 
"' 
&-s '"O 0 ~ § 8, 0 per cent water "' s "' rn ·c i:::"" ::, "' ... in upper ::, 0 ::, 0 -~ t/l '"O ... @] ;,,::: § o<> 
6 feet of soil ... ~f '"O ~ ... ol ..., ::, Crop Year "' ol o..., 0. ... ol 0 ..., 0 0"' @;I ol '"O ol o rn ... "' ~ 0. ~ ~~ ·z ~ ..., 0 "' 0. 
..... "' ol O 0 ..., rn ..., ::, 0. ol 0 ~ ...... .... 
~] 0 0 ... 0 ..., __ ..... ._ ~ ~o~ 
~ :-::: '"' rn ·a~ s::, "'0 
·s 8 ]~-a 0 ,... ol Seeding Harvest ... 0 ..., 0 :,-..0 g.2 s 
"'en ol ..., ~ bD 0 .......... '"' 0. p... ~ p... E-< 0 '-' ~ p... 
-
,_ 
------
,_ 
---
bD-+-' 1908 11.8 11.3 .5 52.2 12.8 1505.3 3980 756 
0 ol 1909 13.6 13.1 .5 52.2 12.1 1422.5 3530 806 
·- "' 
~,.<:: 1910 12.6 10.5 2.1 219 .5 6.2 926.3 1350 1372 
w~ 1912 16.9 8.5 8.4 878.2 7.6 1740.0 2580 1345 
-
,_ 
1908 13.0 8.6 4.4 460.0 14.4 2090.8 4380 955 
0 1909 11 .7 12.8 .9 14.2 1516.4 5000 606 ... . . .. 0 1910 13.9 11.1 2.8 262.7 5.4 898.6 2950 610 C) 
1912 16.8 12.3 4.5 470.4 6.8 1240.6 5120 485 
--
,_ 
---
1908 15.4 7.9 7.5 784.1 6.6 1534.9 10600 290 
"' 
1909 14.3 7.3 7.0 731.8 8.1 1653.7 8740 378 0 1910 13.3 7.3 6.0 627.2 2.9 952.3 7000 272 ol 
C) 1911 10.3 7.5 2.8 313.6 7.0 1106.4 2200 1000 
1912 13.9 8.9 5.0 522.7 7.2 1338.1 5640 475 
---
---
,_ 
--- ---
1908 16.2 8.2 7.0 731.8 13.6 2277.7 7260 627 
~~ 1909 12.1 10.3 1.8 313.6 15.8 2103.0 6768 621 
0 "' 1910 15.0 10.0 5.0 971.2 10.9 2105.7 5436 775 
--..C: 1911 11.4 8.4 3.0 418.2 7.7 1292.5 2448 1056 ~~ 1912 12.3 8.0 4 .3 599.4 15.2 2319.7 2520 1841* 
* There was a heavy run-off when the snow melted this spring, and 
this is charged to the crop. 
WA TER REQUIRED TO PRODUCE ONE POUND OF DRY MATTER
OF VARIOUS CROPS. 
In computing the amount of water required to produce a 
pound of dry matter. we ha.ve taken the water used from the 
upper six feet of soil for each crop except winter wheat. With 
winter wheat we used a gr eater depth in order to include its 
entire feeding range. The difference in water content of the soil 
at seeding and harvest dates is figured as the water used from 
t he so-il. The total rainfall from seeding date to harvest date is 
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charged to the crop. The crop does not actually use all this 
water. Some of it is lost thru surface evaporation Some is 
lost as run-off. Especially was this true in the case of winter 
wheat in When the heavy snows of that spring melted the 
soil was frozen helo,w a depth of three inches Not onlv did 
we lose this ruoisture as run-off but the sno,w melted so fast that 
in some cases it washed off the unfrozen soil. 
The entire rainfall plus the water drawn from the soil is 
figured as total available water. Dividing total number of
pounds of water by the number of pounds of dry matter pro-
duced, we have the number of pounds of water to, produce one 
pound of dry matter. This table is not offered for its technical 
value. The method of procedure was too crude to give it much 
value from that standpoint. · We are using it to prove what 
observation has so often indicated, that during unfavorable sea-
sons a given amount of water will not produce as large a crop 
as during favorable seasons. An inch of water in a favorable 
season goes much further than a like amount in an unfavo,r·able 
season. The table shows that some years almost twice as much 
water is required to produce a pound of dry matter as is re-
quired in certain other years. The total rainfall alone is not 
sufficient to interpret results. The disrtribution of rainfall, evap-
oration. temperature. relative humidity. and wind velocity, all 
affect the efficiency of the rainfall in crop production. The rain-
fall of this sec tio,n is seldom so low but that it would produce 
fair crops if properly distributed and a ccompanied by a favor-
able rate of evaporation. The high rate of evaporation and the 
hot winds resultant from drouthy conditions are frequen t ly more 
disastrous than the drouth itself. In a few days these will in-
jure a crop to the point where it can at best only partia lly re-
cover , whereas under more favorable conditio,ns it would have 
held on for a considerable length of time a nd perhaps have been 
saved by a rain. This is often shown by r esults obtained from 
protectedareas
The table also shows that a year which is favorable for small
grain is not necessarily favorable for corn. An example of this 
is seen in The small grains did not use an excessive 
amount of water. Corn used more water tba.n during any other 
year Tn the small grains used a large amount of water 
and corn shows the best use of the available water of any year
shown. 
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CLIMATIC CONDITIONS. 
In order that the data offered in this bulletin may be more 
clearly understood, we are giving several tables to, show the 
climatic conditions under which this work was done. Figure 2 
and Table give annual precipitations and show years of high 
and years of low rainfall. Other tables give the average daily 
temperature, wind velocity, and rate of evaporation from a free-
water surface for certain months for the years 1908 to, 1912. 
These averages show almost as wide variation as the rainfall. 
The averages are, however, not so important as the extremes. 
For example, in Table 37, June 1911, shows an average wind 
velocity of 10.5 miles per hour. In that month the daily average 
for the four days, 12th to 15th, was about fifteen miles an hour. 
There were hours within these days when the wind velocity was
much higher than others. It is the extreme conditions that are 
critical. Those four days would do much more damage to the 
crop than many days of less wind. The extreme wind velocity 
within these days was doubtless much more damaging than the 
average. Another example is in Table 36. The highest average 
monthly evapo,ration given is for ,June, 1911. The four days. 
12th to 15th, which showed such a high wind velocity, also show
a high evaporation. Such days as these are what we call extreme 
conditions. We will not attempt to give a discussion of the 
climatic conditions, but a study of the several tables offered will
show more clearly why some of the results were obtained. 
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Fig. 1.-Normal precipitation in Nebraska. Map showing rain belts . Figures on margin indicate average rain-
fall within the region, according to United States Weather Bureau. Region between "18" and "20" has 
r eceived an average of from 18 to 20 inches of rain fall annually from 1850 to 1912, according to the United 
States Weather Bureau record. 
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Fig. 2.- Precipitation at Nort h Platte, Nebr., by years, 1875-1913. 
TABLE 32.-Record of precipitation by months for thirty-nine years at North Platte, Nebraska as 
reported by the United States W eather Bureau. 
Year Jan. Feb. I March I April I May I J u ne I July I Aug. I Sept. I Oct. Nov . I Dec. Total Departure from normal 
-----------<-----I -----I -----I-----I-------, ---I ---I ---I ------1---1 - --1------1------1-----
1875............... .24 .26 .40 6.21 1.69 1.62 2.12 .66 1.40 .14 .52 .09 15.35 
1876..... .. . .. . .. . .09 .13 .49 .51 2.97 .49 1.16 2.46 1.47 1.07 .49 .51 11.84 
1877. . . . ..... .. . . . . 1.38 .37 .19 .37 3.22 2.99 2.04 5.03 4.49 1.23 .30 3.86 25.47 
1878.......... . .... .00 .18 1.40 1.15 3.24 5.85 3.58 1.52 .91 .13 .46 .20 18.62 
1879.. ... .. .. . .. . . . 2.33 .43 .11 1.92 2.25 3.31 8.47 .16 .40 .21 .10 .37 20.06 
1880.. .... . .. .. ... . .03 .03 .18 .16 2.28 3.12 2.87 3.96 1.53 2.72 .23 .37 17.48 
1881.. . . . . .. .. . . . . . .16 .76 1.26 .87 4.84 6.12 3.09 .75 2.36 2.22 .37 .13 22.93 
1882.... . .......... .46 .13 .04 1.94 3.98 4.84 2.65 1.68 .28 1.23 .01 .71 17.95 
1883.. . .. . .. . ...... 1.20 1.38 .47 3.02 4.07 7.49 1.34 4.51 1.08 3.47 .42 1.43 29.88 
1884 . ... . .. .. . . . . . . .10 .23 1.86 2.14 2.40 1.39 2.19 2.13 .08 .74 .04 .27 13.57 
1885.. ....... . ... . . .12 .16 .37 1.59 3.31 3.79 3.12 4.87 .86 1.18 1.71 .95 22.03 
1886 . ............. .09 .17 .63 2.09 3.67 1.14 .68 1.99 1.22 .59 .43 .40 13 .10 
1887..... .. ... . . . .. .15 .49 .22 3.41 .81 3.20 3.05 4.61 5.10 .15 .19 .30 21.68 
1888. . .. . .. . . . . . . . . .09 .42 1.44 2.36 4.93 2.76 2.61 .65 .58 1.12 .08 .42 17.46 
1889..... .... . ... . . .97 .07 .62 2.65 2.71 1.95 6.01 2.06 2.57 .31 .20 .54 20.66 
1890.. . .. .. . . . . . . . . .35 .38 .27 4.46 .90 2 .06 .39 2.42 .19 .84 .42 .03 12.71 
1891..... .... . . . . . . .65 .49 2.19 2.58 1.69 7.19 3.91 2.45 .87 .57 .08 .69 23.36 
1892.. ........ ..... 1.04 .97 .61 4.30 3.70 .60 3.59 3.01 .56 1.49 .08 .42 20.37 
1893......... . ..... .03 .62 1.29 .15 1.33 4.11 1.13 3.62 .32 .05 .11 .40 13.16 
1894.. .. . .... . . .. . . .33 .29 1.72 1.64 .39 3.54 2.39 .17 .14 .59 .01 T.* 11.21 
1895 . ...... .. . ..... .14 .84 .09 1.93 2.38 4.35 1.08 2.13 .48 .09 .96 .11 14.58 
1896... ...... ...... .27 .06 .87 3.44 1.47 2.76 1.86 2.07 1 84 1.51 .16 .21 16.52 
1897. ... . . .. . . ... .. .47 .46 .66 2.59 .11 1.72 1.85 3.05 .59 4.11 .85 .63 17.09 
1898............. .. .77 .19 .64 1.42 4.12 2.54 1.29 1.40 2.56 .07 .51 .03 15.54 
1899........... . .. . .11 .36 .83 .82 3.58 1.95 2.04 1.83 .28 .28 1.59 .32 13.99 
1900....... . . . . . . . .06 . 78 .26 3 .34 .90 1.42 3.37 1.37 .25 .39 .09 .06 12.29 
1901.... . .. . .... . .. .04 .44 1.53 2.53 1.83 3.69 .34 2.00 3.14 .41 .30 .19 16.44 
1902... . . .... . . . . . . .40 .35 1.42 .92 7.98 3.46 4.56 1.74 3.34 1.32 T. .78 26.27 
1903..... . .. ....... .27 1.29 .12 .95 3.74 3.99 2.93 3.58 .76 .44 .28 .01 18.36 
1904..... ... . . . . . . . .32 .06 .52 1.52 3.63 4.43 4.90 3.25 2.40 1.92 .03 .19 23.17 
1905. . . . .. . . . . . . . . .90 .69 2.15 3.78 -4.56 7.63 2.58 1.57 1.23 1.05 .67 T. 26.81 
1906 .. ... .. . . ... . . .61 .80 , 2.22 2.89 2.82 .68 3.14 5.56 4 .25 3.05 1.01 .96 27.99 
1907. . .. . . .. . . . ... . .39 .51 .10 .43 2.40 2 .69 6.79 2.14 2.91 .14 .31 .80 19.61 
1908....... . ....... .16 .78 .20 .64 3.95 5.07 3.17 1.57 .24 3.39 .59 .20 19.96 
1909 . .... . ... . . . . . . .29 1.61 .98 .72 2.32 5.46 5.21 1.24 .77 .20 2 .24 1.37 22.41 
1910.......... .34 .02 .19 .48 2.59 2.75 .50 2.02 .97 .01 .11 .72 10.70 
1911. . . . ....... . .. .28 .39 .20 2.48 1.73 1.13 3.31 2.19 1.37 3.66 .04 .65 17.43 
1912 . ............ . . .74 .81 3 .08 2.93 1.93 .57 4.01 1.27 2 .04 1.12 .01 .18 18.69 
- 3.26 
- 6.77 
+6.86 
+ .01 
+1.45 
- 1.13 
+4.32 
- .66 
+ 11.27 
- 5 .04 
+3.42 
-5.51 
-t3 .07 
- 1.15 
+ 2.05 
-5.90 
+ 4.75 
+ I.76 
- 5.45 
-7.40 
-4.03 
-2.09 
- 1.52 
- 3.07 
- 4.62 
- 6.32 
- 2.17 
+7.66 
- .25 
+ 4.56 
+ 8.20 
+ 9.38 
+1.00 
-t I.35 
+a.so 
- 7.91 
- 1.18 
+ .08 
1913 ............ . .. _____,__!_§__ ___,l!!_ ~ -2QL ~~ 3.37 .98 ___,lill._ .14 ___,lL_ 3.09 - -=1~9~. l~0-+1--'-'-'---
A vera.!l.e ... . ... .42+ .50 .86 2.03+ 2.82 3.23+ 2.89 2.29+ 1.45+1 1.ll t .41+ .58- 18.61 ± .49 
*T. indicates "trace;" less than one one-hundredth of an inch. 
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TABLE 33.-Daily precipitation from March 1 to June 30, 1908-1913. 
March April May June 
Day 
1908 11009 1191011911 lm2 l1918ll1008 l1009 l1910 l1911 l1912 l1913ll1903 l1009 l1910 l1911 l1912 l1913ll1008 l1009 l1910119111!91211913 
l-l-l-1-1-ll-l-l-l-l-l-l -l-1-1-l-1-ll-1-1-1-1-L-
1.... . . . . . .. . ....... .. . ..•• . ......... . . . . . . . . . . . . . . . . . 18 .. . . . ...... .. . .. T. . . . . . . . . . . . . . . . .48 ........ T . .09 .46 T . .01 . . . . ... . 
2 ........................ . .. ... . .. .. .... . . ... .... . .. . . 53 . .. . .... ... . . ..... . .. . . 01 . .. . .... . 17 . 11 . .. . T . T . . 13 .07 ..... . . .. 40 
3 ......•..... . .. . . . . . .. . .. . . . . ........... . . . ............ . ........ T . .. . .. 10 ..... 51 .12 .... ..... 10 .17 . . . . T . .... . 42 .. .. . .. .. 04 
4 .............. . . ... . . ...... .. .... . .. T.* . . . . . . . . . . . . . . . . T .. . .. . .. . T. .18. .. . !.16. . .. .02 .01 .55 .. . . ...... .. T. . . . . . . . . .01 
5 .. .....•.. . . .. .. . . . . • ..... . . ........ 10 T . . . ... . ...... . ... .. . . . 11 ... . ... . ... . . .. . . 19 . .... 35 . . .. . 08 .. . . . 16 .03 .... . .. . T . 
6..... . . .. .... . . .. .. .. . . . . . . ........ .04 . . . . . . . . .01 . . . . .01 . . . . .23 . . . . .01 . . . . . . . . . . . . . . .01 .05 . . . . T . .26 T. . . . . . . . . .07 .06 
7..... . ........... . ... .. . . .. . . . . . . . . T. .13 ... . T. . . . . . . . . T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .02 .08 .44 .04 ... ... . . . . . . 
8. . .... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .01 . . . . . . . . . . . . . . . . . . . . . . . .68 . . . . . . . . . . . . . . . . . . . . .25 .02 T. . 18 .02 . 13 . .. . 
9 ..... . ..... . . . ... . .. .... . ... . . . . . .. .. . ... . . 18 . .... ... . ... .. .. ........ . . .. .. . . . 34 .09 . .. ....... . . . .. .. 36 .48 .12 .. .. . 01 .10 T . 
10 . .. . . . . .. . . .. . . .. ......... . . . .. . . . . . . .. T. . . . . . .. . .05 . . . . . . . . . . . . . . . . . . . . . . . . .06 T. . . . . .05 .08 .83 .03 . . . . .91 .02 . . .. . .. .. . 
11. . . . . . • . .. . .... ... ... .. . .... . .... . . . .. . . 15 . .. . . . .. . 18 . . . . ... ..... . .. T . . .. .. .. . ... .. 02 .01 .. ..... T . 1. 24 .23 ......... 15 T . 
12... .. .. . .. . . .. ... . . . .. . . .. . . .. . . . ... T. T. . . . . . . . . . . . . . . . . . . . . T. . . . . . . . . . . . . . . . . . 18 . . . . . . . . . . . . . . . . . . . . .01 . . . . . . . . . . . .09 .83 
13 ...... . . .... ...... ... .. . . .. . ...... . ..... .. . ... . . ... . 40 .47 . .. . .10 T . ... .. .. . . 68 .01 . . .. . . . .. . ... 03 .... T . . .. .. 01 .01 .23 
14.. ..... . . . . . .. . .. ... . ... •• • ... .. .. . . ................. 181.00 .. ... 02 .07 .. ... 01 . . . .. 86 .01 .01 ..... . . .. 06 .13 .04 . ... . . .. ... .. . . . 
15. . ..... . .. . . .......... . ... . ... .. . . . . . . T. . . . . . . . . . . . . . . . .08 T . .27 . . . . . . . . . . . . . . . . . 13 T. . . . . . . . . T. .41 . . . . . . . . . . . . . . . . T . 
16. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .22 .02 . . . . . . . . . . . . . . . . T . T. . . . . . . . . T. .08 . . . . . 16 .63 ... .. .. . 
17 ....... .. ... . .. . . . ... .. . ..... . ...... . . .. T. T. . . . . . . . . . . . T . . .. . ............ . . . .. ... ..... .. . .... . .. . T . .44... . T . ...... .. . . . . 
18.. . . . .. . ....... . . . .... . ... .. .... . ... . . . . . . . . . . . . . . . . . . . . . . . .43 . . . . . . . . . . . . . . . . T . . . . . .03 . ... ... ..... . . .. . . .. . . . . . . . .. . ...... . . . . 
19 ................ . .. . ...... ... .. . ... .. 06 T .......... 35 .03 T . . .. .... . . .. . .... . 01 .. .. . 09 T ...... 11 .02 ... . . ... ... .. .. . . .. . . 53 
20 .. ... .. . . . . ... .. . . . . . . . . . . ... . ..... . .. . .. 02 ........ 1.14 .15 . .. . . 12 ... . . .. . 1.00 T ..... . 45 ..... 02 . . . 39 .... T . ... .. . ..... . ... . 
21.. . . . . . . .. . ... . . . . . . . . . . .. . . . . . . . . . · T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 .02 .. . . . . . . .05 .62 . .. . T. . . . . .21 ......... .. . . . . . 
22.... . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 T . . . . . . . . . .16 . . . . .03 1.80 ... .. . .. . . . . . . . . . . . . 
23.. .. ... . •• .. . . . . . . . . . . . . . . ... . . . . . . . . . . .29. ... . . . . .03 .01 .02 T . . . . . . . . . . . . . 29 .02 1.11 . . . . . . . . . . . . . . . . .07 T . T. .08 . . . . . .. . 
24 .. . . ... . . . . . . . . . ... . ... . . . .. . .. .. . .. . . . . . 38 . . ... . . . .. ... 01 .11 . . . . . . ... 05 ... . ... . .59 .02 .... .. . .. 02 . . .. .... T . 1.13 .... .. .. T . 
25. . . . . . . ... ... . . . .. . ........ .. .. . . . . . .. . . . .. . . . .01 . ... T. T .. .. . .. .. . 98 . .. . T . . 03 T . ... . .. . .. . . . . 21 T . . 12 .. .. . 32 . .... .. . 
26 . .... ... . . . . . .. . ... .. . . .. . .... . ...... ... T . T .18 .. .. T . T . T . ............ .. .. . .. .. 13 1.44 .07 . .... .. . ... . . 12 . . . . ... . . . . . . . . . 
27 .......... ............ . ... . . ........ .. .. T. . .. . . . . . .OJ ... ..... .. . ... .... . . 1.61 T. .07 . . . . . . . . . . . . . . . . . . . . T . T . ....... .. . .. . .. . 
28.. . ........... . . . ..... . . . .... ..... . . . . . . T . . . . . . . . . . . . . . . . . T. .02 . . . . . . . . .05 . . . . .03 . . . . T. .47 . . . . . . . . .02 . . . . . . . . .05 . . . . . .. . 
~L:::::::::::: :::::::::::::::::·:::: :::: .:?~ 11 .. :: :::: :::: :::: I ·:02 Jg ·:ii;::: : :::: 1:i :::: .:?5 : : :: : : : : :: :: . : ~~ :10 :: :: ·:02 .:?~ 
31. ........ .. .... . .. . ..... . .. . . . ... . . .. .. . T ......... . 02 ... . . .. . . . . ..... , .. . . .. . .. . . .03 .28 . . . ...... 17 .11 .................. . . . . . . 
Total. .. ... .... ... ..... . ... .20 .98 
*T. indicates "trace ;" less than one one·hundredth of an inch. 
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TABLE 34.- Daily precipitation from July .l to October 31, 1908-1913. 
July August September October 
Day 
------------,· 1908ttll9lltll91311190811909 11910 11911 1191211913111908t!l910 19111912!19131tttttll913 
L::::::::::<:::::::::::::::::::: .:?~ :::: :::: :g; J!l l 
4 ........ . .. ... .. ........... .. ..... . ... .. ... T ...... 21 
6 . .... . . .... .... •• .. .... . .. . . . • . ...... 22 .11 .41 .18 . .. . 
6..... . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . .66.. . . .05 
7 ........ . . . .. .. ......... ... ... . .... . . .. . T.* ..... 10 .. ... 09 
8...... . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . T . . . . . .50 . . . . .61 9. . . ....... . . .. . . . .... ... . .... .. ... . . . . . .35 . . . . 
10.. .. . . ....... . .. . ... . ..... . . .. . . .... . . . . . 77 . . . . . . . . .66 
11. .... .... . . .... .. . .... .. ..... .. ..... . 01 . ,e .04 .. . . 
12... . ...... . . . . • .. . • . . .. . .. .. . . .. . . . .68.. .. .. . . .42 
13 ...... .... .. . ... . . ... . . . .... . . .. . .. . T ........... . . 
14.... ... . .. . . .. .. . .. . . . .. . . . . . . . . . .. . .02.... . . . . .03 
.391 T . 
. 08 T . 
. 01 I .. · 1 :i~ 
.34 . . . . .04 
T . . 19 
.02 T . 
. 021 .011· ·· ·11·· · ·1 ·301 T . , . .. . 
. 11 .66 ... ..... .. .. T ... . . , . 
. . . . . . . .08 .38 
. . . .40 .07 .... .... . . . . 
.... , .... , ... · "· .... 02 ...... . . I. ... I. .. . .68 
. 84 1 . .. · I ·02 
.14 . ... 11 .... I .011 .... I .091 . . . . 1 T . 
.01 
:f.1 1.081····1 ·01, . .. . 
. 01 .58 . . . . .34 
. 02 . . . . .57 .... 
.22 . . . . .01 .01 
. 04l 1_ . ... . ... ... · 1 ·61 .27 1 .01 
. . .. . . .. ... . .... . 18 T . 
... . . . . . ... . .. .. . 57 . .. . 
.1311· .... .... 08 -..... i3 ... . 
T. .03 .07 .0 1 . 14 .. . . 
T . :5; T . 
... · 1· . ... : : : ·&~ ::: : ::: . 
. . . . .. · 1· ... 2:61 . ... .. . . 
·:oii ·~;~ :::: :::: :: :: ·T_-
.32, .... 
. OIi ... I. ... I Jil T. 
'"3 ;::,-
('t, 
(/_) 
.... 
C 
"' 
.:i 
'Cl 
Cl) 
;:, 
;;:s 
~ 
c::::: 
"" (I) 15 .. ... .. .. . ... . .... ........ . . .. .... .. T . . 28 ... . 16 
16 ..... ...... .. . ..... .. . . ... . .... ..... T . .19 ..... . . . . .. . 
. 01 ..... 01 . .. ·I· ·· .. 62
1 
.. . . 
17. ... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .22 . . . .30 
18... . ......... . .. . . . .. . . . . . . • . .. .. . . . .C6 .... 1.07 .88 .34 
T.11 J.2 .06 
T. 
.45 , .... 
. 25 1 .131 .01 
T . I . 16 .05 
.04 .01 T611~ .. . 
T. 1 .041 ... · I· 09 :io 
. . . . .03 T. .24 
·~ti···· 1···· 0 
··1 T. 1.: .. ··· · .04 -+, t ::~I .... ···· .02 (/_) 0 19. . . . . . . . ............ . . . . . .. . . .. .. . . . 14 . . . . .03 T. . .. . ... . .. . 
20. .. . . . . • . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .39. 
21. ...... . .. . ... .... ....... . . .. ...... .. ... T. T. . . . . . .. . .. . . . . . . . . . .04 .... , .. .. ....... . . .. . . .. . 
22... .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 . . . . . . . . .80 . . . . . . . . .03 . . . . . . . . T. . . . . . . . . T. . . . . .. .. ..... . 
23. . .. . .... .. ..... . . . .. .. . .... ....... T . . . . . T. . . . . . . . . T . .09 . . . . . . . .42 . . . . . . . . . 12 . . . . . . . . . . . 
it::::::::::::::::::::::::::::::::: ·t .? ::: :;.: J6 :~o ]1 .~· . . 06 . . . . .:ii .:06 :::: ::o~ f :::: :::: :~~I :~ti?·. 
27..... . • . . . . . . . . . . . . . . . . . . . . . 14 T. T . . . . . . . . .40 T . .05 .02 . .. . . .... . . . . . . . 
28... . . ... . .. . .. .. . . . . . . . . . ... .. . . . . T. . .. . . .. . . .. . . .... ... .... OJ 
29.... .. .. . . . . . . . .. .. .... .. .. . .. . . l. 18 .02 .64 . . . . . . . . . . . . . . . . .05 .02 . ... . . 
30.. . . . . . . ... . . ... .. . . . ... . . .. . .... . . .10 T .. .... 62 T. .2~ . . . . . . ... 05 .. . .... . 
3
1. . .. ·· ·;~~~·;: : ::: : :. : ::::: :::::: ~ :~: ~ ~ 4:~~ - - T. ·:~~ L 37 ~:~1 :~l~I :~J~~bJ::~ 
. 03 
. 07 .04 .... . .. . 
. 61 
. 02 
.06 
*T. indicates "trace;" less than one one-hundredth of a.n inch, 
... 
..... 
~ 
~· 
.... 
.:: 
"'! (I) 
r:YJ 
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TABLE 35.-Daily mean temperature f r orn April 1 to August 31, 1908-1913.* 
April May June July August 
Day 
1908 l1909 l1910 1rn11 11912 1191~l100811009 11910 lrn11 l1912 l1913ll1008 l1909 l1910 l1911 l1912 lrn18ll1008 l1009 l1910 l1911 lrn12 l191~ l1908ll 909 11910 1191111912 11913 
___ ,_,_ ,_ ,_,_,_ ,,_ , __ ,_ ,_,_,-ll-l-l-l-l-l-lf--l-l-l--f-- 1-lf--1-1-1-f--f--
1 ..... . 
~ . . . 
3 . ... . 
4 .. . .. . 
6 .... . 
6 ... . 
7 .... 
8 
9 .. _ .. . 
10 .... .. 
11. .... . 
12 .. . . 
13 .. .. . 
14.. .. .. 
15 .. . . 
16 .. . 
17 ..... . 
18 .... . 
19 .. .. .. 
20 ..... . 
21 .... _ .. 
22 .. .. . 
23. 
24 .... .. 
25 .... .. 
26 .. .. 
27 .... .. 
28 ... .. 
29 .... .. 
30 .... .. 
31 .. 
23 41 53 43 41 33 49 37 39 34 61. 36 57 55 60 77 63 52 56 75 70 82 70 62 78 76 76 68 70 61 
36 46 58 40 46 31 48 44 36 40 68 32 63 56 60 75 73 55 61 78 68 73 74 68 so 76 77 67 60 63 
52 50 56 30 54 20 41 58 46 36 59 41 70 63 53 73 62 56 66 77 72 79 76 71 87 73 71 67 62 63 
~ a ~ w u 19 M 68 ¼ n ¼ w M n ~ m M w n w m ~ m w 77 72 72 M 68 m 
56 31 49 38 58 36 36 60 47 48 51 43 66 75 60 66 62 62 67 64 73 72 68 64 79 76 61 69 74 63 
52 3 I 62 36 40 42 46 52 46 62 58 45 66 63 58 71 52 46 58 70 73 73 77 65 6iJ 79 64 64 69 63 
31 30 56 39 51 34 50 62 45 58 60 44 60 55 50 84 52 41 64 70 76 80 81 63 68 78 72 74 63 60 
41 38 59 45 55 26 53 46 66 70 66 46 66 59 61 77 52 46 74 78 76 71 82 58 73 75 63 76 62 69 
u ¼ m ~ u w m ~ m u M w 63 63 w ~ 54 w m m 63 72 72 63 70 w m n M M 
50 50 59 53 53 20 61 61 59 50 45 44 60 59 56 68 65 51 78 69 72 78 76 59 72 77 69 70 72 64 
55 35 62 59 59 22 60 64 48 59 47 47 64 58 61 69 66 60 75 68 60 74 82 51 62 78 75 69 78 65 
63 35 68 44 56 30 6i 58 54 67 50 54 65 60 63 69 64 52 72 72 67 71 75 68 67 76 68 77 72 63 
67 40 53 37 38 32 55 54 53 73 42 49 63 61 67 76 71 52 70 66 71 68 81 68 69 76 66 78 73 65 
61 40 40 40 40 34 52 51 47 74 53 38 47 59 73 75 64 63 67 70 78 73 69 67 72 77 70 80 70 69 
48 46 37 45 41 40 63 55 52 71 51 49 53 66 79 78 64 63 73 72 76 66 65 65 71 80 75 83 66 68 
51 63 39 56 40 45 70 66 42 71 59 46 64 72 75 65 58 64 76 77 82 68 76 64 75 81 67 77 74 66 
55 60 41 53 34 50 61 63 55 76 67 46 62 69 67 68 53 63 67 76 80 67 65 62 67 70 58 76 76 66 
65 34 43 48 42 42 66 58 61 72 71 57 62 71 81 71 55 64 66 78 74 69 62 56 6.5 69 65 72 74 67 
66 36 56 50 48 46 72 61 66 53 66 43 70 73 80 76 63 62 64 80 75 62 77 58 68 68 72 76 72 68 
63 31 70 55 40 50 54 58 50 47 51 39 78 68 81 77 69 63 74 68 76 74 70 59 64 73 79 73 66 68 
58 31 48 60 36 so 54 59 43 49 55 42 82 69 82 80 67 57 71 66 12 74 76 62 64 80 81 66 71 02 
68 42 46 55 47 33 62 61 57 53 63 43 71 72 81 81 65 62 69 il9 80 70 85 60 58 79 71 56 72 58 
54 50 43 49 53 32 53 56 56 66 65 55 64 69 83 79 65 61 73 6i 77 61 80 57 62 83 75 58 77 60 
52 51 46 46 5.5 31 54 49 59 74 67 54 70 67 68 84 72 61 74 67 81 62 79 55 65 73 54 56 78 64 
~ W ~ W U a 00 G 00 77 % ~ 72 70 68 U 00 ~ W 72 M 70 ~ W U 77 U ITT ITT W 
36 50 61 58 51 38 66 48 53 63 73 59 75 75 71 66 80 72 76 71 85 77 71 62 64 81 64 65 74 61 
39 49 61 59 45 41 59 65 58 58 65 59 72 79 72 17 80 73 77 72 84 79 78 58 70 74 77 58 79 67 
34 55 76 56 46 45 54 75 GI 50 60 61 56 80 75 86 80 70 79 77 73 75 76 61 74 62 72 61 76 53 
ffl ~ w w M w 54 ~ m oo m oo M 70 w ~ oo ~ m n 70 u n 6i m M 72 ~ m u 
48 26 53 31 53 38 58 56 68 67 74 59 66 73 68 87 76 57 69 74 74 74 72 49 74 72. 60 71 64 56 
.. . .. .. .. .. .. .. .. .. .. .. 52 53 65 71 52 57 .. .. .. .. .. .. .. .. .. .. .. .. 71 71 78 70, 66 51 61 71 61 77 72 69 
- - ---~- · --- - ~----,------·-----f---
Av. 150. 7 42 53.5146.5 47.9 361155 .4 56.5 53.7.60.2 59.7 48 165.3 67 68 75.7~5. 7 59 ~0.8 71. 8 74.8r72 .4 74 61 rl0.2 74.8 68.6169.6 71. 3 63 
*In cooperation with the office of Physical Investigations, Bureau of Plant Industry, Washington, D . C. 
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TABLE 36.- Daily evaporation from A_pril 1 to August 31, 1908-1913.* 
~ 
April May June July A ug ust 
Day 
191011911 ::1: 1908 1909 1912 1913 l908 1909 1910 1911 1912 1913 1908 1909 1910 1911 1912 1913 1908 1909 1910 1911 1912 1913 l90S 1909 1910 1911 L......_ 
1. . ... .. . . . 289 . 172 a a .281 .366 .038 .OLO .248 .209 090 .048 .254 .497 .223 .329 . 126 . 226 .239 .371 .257 .335 .331 .193 .382 .337 .292 . 31 
~ .. .... .... . 310 . 150 a a .360 . 166 . 135 .081 .299 .063 .067 .061 .458 .298 .325 .347 . 158 .265 .187 .347 .277 4,i1 .357 .210 .288 .285 . 111 .4! 
3 ... .... . 235 .J42 . 185 a a . 130 .208 . 124 .016 .277 . 139 . 159 .145 . 116 .185 .340 . 153 .242 .336 .336 .389 .442 .342 .369 .264 .594 .285 . 151 .5( 
4 . ..... . 190 . 134 . 127 . 185 a a .... . 296 .057 . . .. . 177 .240 .356 .317 .046 .468 .318 .290 .282 .308 .313 .459 .202 .371 .339 .256 .346 .357 . 174 .4f 
G . . .241 .05 1 . 193 . 102 a 1.047 .046 .474 .010 .086 . 138 . 190 .223 .290 .152 .378 .288 .232 .321 . 126 .288 .351 .238 .427 .319 .278 .080 .248 . 195 .3f 
6 . ... . lil .008 .386 .148 a a .089 .300 .011 .095 . 171 .213 .296 .201 .248 .359 .078 . 198 . 160 .127 .447 .289 .343 .301 .306 .303 . 117 . 189 .204 .3~ 
7 . . .... . 101 .140 .248 . 139 a a . 168 . 118 .103 . 189 . 155 .233 .243 .101 .077 .400 . 102 .273 . 188 .097 .369 .435 .313 . 176 . 155 .247 .286 .247 . 186 .31 
s .. . 227 .152 .265 .24 1 a a .258 .334 . 174 .308 .225 .238 . 168 . 106 .202 .276 .036 .238 . 145 .223 .328 .370 .355 .450 . 166 .261 . 152 .156 . 185 .4( 
!l,. ... . 199 .223 .264 a a .265 .232 .327 .373 .366 .074 .016 .268 .224 .401 .016 .245 .287 .061 .292 .239 .398 .450 . 26-1 .326 .260 . 177 .210 . 2~ 
LO .. . 176 . 198 . 185 . 132 .695 1.358 . 168 .410 .274 .275 .093 .035 . 165 . 104 . 168 .379 .017 .236 .302 .290 388 .390 .368 .341 .185 .208 .288 .212 244 H 
II. .285 . 147 .223 . 249 a a .391 .284 . J50 .211 .178 a .327 . 102 .287 .073 .145 .089 .369 .290 . 16 ! .436 .319 .355 .202 .351 . 195 .201 .440 . 2~ 
12 ... ... . 245 .229 .213 .305 a a .229 .233 .118 .369 .142 . 151 .277 . 161 .382 .699 .070 .277 .183 .299 .325 · . 486 .299 .361 .269 . 18 1 . 166 .272 .248 .31 
13 .. .3~6 . 107 . ... . 170 .483 a .230 .229 .253 .411 .063 .261 .276 . 126 .415 .583 .270 .198 .200 .281 .311 . 240 .347 .364 .249 .203 . 110 .o04 .394 .2( 
14 .... . . . 354 . 123 .151 .206 .244 a .259 . 105 . 136 .309 .221 .243 .087 . 117 .493 .503 .307 .272 . 124 .224 . 263 . 284 .465 .300 . l bO .333 . 189 .285 .236 . 4~ 
15. .. 299 . 150 .222 .234 . 137 .536 .208 .221 .278 .512 .267 .077 .020 .214 .425 .465 .200 .401 .216 .302 .330 . 137 .340 .398 . 127 .24 I .330 .421 .028 . 4~ 
16 . .. . . .092 . 170 . 174 .279 . 166 .252 .302 .373 .224 .363 .195 .239 .070 .191 .3&4 . 183 .230 .395 .285 . 192 .359 . 244 .302 .307 .244 .281 .343 .282 .193 . 6~ 
17 ... . .. . 086 .216 .229 . 170 .112 .252 . 180 . 295 .254 .443 .202 .261 .215 .281 .290 .209 . 166 .353 .332 .337 .390 .260 .303 .343 .075 .246 .mo .294 .275 .4f 
18 .. . 176 . 172 .244 .249 . IOI . 195 .298 . 150 .274 .596 .346 .308 . 195 .260 .411 .319 .222 .388 . J75 .364 .469 . 190 .089 .20; . 142 . 150 .017 .333 .226 .41 
19 .. .230 . 128 .225 .2 13 . 121 . 183 433 .no .284 .242 . 158 .324 .288 .291 .456 .466 .217 .225 .182 .374 . 254 . 168 .234 .252 .266 . 176 . 234 .222 .261 .3'. 
20 ... . . 247 .008 .322 .226 .086 .275 .462 . 142 .270 .206 .308 .141 .235 .214 .557 .513 .300 . 169 .189 .336 .362 .202 .178 .316 .229 .267 .231 .2 11 . 123 .41 
21. . .216 . 165 .374 .313 .080 . 176 .295 .266 :085 .077 .219 . 121 .285 .188 .429 .544 .344 .244 .343 .333 .368 .262 .281 .353 .271 .349 .261 .430 .236 . 2/ 
22 . . . . . . 255 .051 .256 .316 .089 .226 .298 . 184 . 165 .057 .197 .242 .271 .280 .673 .496 .262 .346 . 183 .230 .334 .327 .448 .310 .071 .325 .285 .174 .290 .31 
23 ... . 235 .181 . 355 .208 .189 .140 .009 .090 .289 .244 .196 .259 .371 .316 .466 .319 .303 .291 .243 .323 .408 .360 .253 . 162 .095 . 518 .227 . 194 .329 .31 
24 . ... . 306 . 182 .251 . l03 .336 . 174 .... . 148 .295 . 287 .399 .283 .224 .218 .271 .560 .288 .283 .319 .300 .439 .253 .365 . 185 .052 .239 .330 .079 .253 .3( 
25 .. .262 .277 .240 .044 .207 . 143 . 107 .066 .3H .451 .289 . 162 .319 .234 . 131 .342 .291 .325 .250 . IOI .061 .351 . 140 .296 .036 .307 .225 .272 .328 .31 
26 .... . 176 .255 .251 . 152 . 274 . 197 .279 .063 .061 .328 .3!0 .252 .289 .303 .253 .295 .430 .457 . 109 .231 .511 .247 .093 .375 .277 .374 .314 .279 .312 .4( 
27 .. .231" .241 .344 .264 .213 .304 . 186 .214 . 152 .289 .376 .398 .259 .259 .340 .471 .464 .561 .274 . 122 .363 .462 .226 .361 . 155 .349 .238 .181 .315 . 31 
28 ...... . 157 . 143 .353 .036 .074 .440 .316 .383 . 184 .068 .381 .325 . 102 .354 .459 .536 .437 .617 .394 .295 .258 .359 .263 .283 .296 .299 . 173 .295 .361 .3( 
29 .... . . . 176 .236 .350 .227 . 148 .378 .172 .306 .236 .007 .282 .374 277 .209 .490 .669 .444 373 .307 .335 .094 .435 .348 .341 .382 .284 .306 .315 .299 .3( 
30 . ..... . 199 .020 . 144 .018 . 133 .386 .324 .439 .311 . 126 .408 .347 .086 . 164 .334 .609 .390 .411 .294 .303 . 192 .266 .270 .374 .317 .249 .239 .201 .216 .2~ 
3 1 ..... ... . .... ... . .... . ... . .. . . 111 .037 .390 . 184 .250 .224 ... . ... . . . . .... .... . ... . 331 .223 .305 .259 .209 .371 .246 .071 .188 .355 . 140 . 4~ 
- ---- - - --
.233 .243 .214 .208 .204 .330 ~ .251 .307 .242 .253 ~ .318 .289 .335 ~ . 269 .245 .261 ~1.3~ Av .. 2 17 .154 .268 . 190 .206 .222 .228 .237 . 193 
* In cooperation with the office of Physica l Investigations, Bureau of P lant Industr y , W ashington, D . C . 
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TABLE Daily wind velocity per hour from April to August
April 
I M ay Ju ne July August D ay 
1908 1909 l9LO 1911 1912 191 3 1908 1909 1910 1911 1912 1913 1908 1909 1910 191111912 1913 1908 1909 1910 11911 1912 1913 1908 1909 1910 1~ 1912 191 
----
--
I 5.9 12.3 11. 8 6.9 10. 2 8.8 9.3 8. 2 5.9 14.3 10.7 L0.2 3 .7 L0. 8 13. 1 6.0 7.0 3.3 4 .3 6.8 7.6 5.8 L0 .6 8 .1 9.0 6. 2 9.5 8 . 2 6. ' 2 . . . 
. .. . 8 .6 9.3 11. 9 5 .9 15.5 15 .9 7.0 6. 1 11.2 7.2 5 .8 11.4 6.5 14.1 6.0 8.9 5.3 4.4 4 .3 I.I 6.8 7.0 16 .0 5 .9 4.6 -1.4 11. 5 7. :, 9. 3 .. 9.1 13 .6 14.0 5.6 5.8 11.8 16.6 6.5 10.4 5.4 24.2 6 .6 17. 7 3 .8 5.9 3 .5 7.9 8. 7 8. 7 10. 3 11. 2 10.4 4.8 9. 7 8.9 6 . 1 6.3 f).5 11'.5 8. 4 .. 6.3 7. 7 II. 7 J .8 4 .2 4.8 12. 3 6.2 18.8 l l .4 8. 1 6.9 8 .4 7 .6 4.5 L0.4 12 .3 10 .6 7.2 7.4 8 .9 6.9 8 .0 5.6 9.9 7.2 8. 4 8.7 9 .8 ,. 
5 . . 8.8 6 .5 6.8 10.4 13.0 6.8 7.9 13. 7 L0.5 15. 7 5.9 5.9 7.5 7.4 8 .7 6.7 7 .3 6.6 7. l 2 .S 4.3 7.7 6. l 7.9 6.9 8 .3 6 .8 9.9 3.8 8. 6 .. 15.1 6.4 [3. 7 9.4 13.0 9.9 3.9 LO. I 6.4 14.3 4.6 13.2 7.9 8. 0 H.8 12.1 4.4 5. 4 9.3 8.2 8 .1 8 . 7 9.3 11. 3 10.6 9.4 6.6 6.2 4 ,\J 8 . 7 .. 8 .4 7.3 6.5 6.2 9.5 14.4 5.3 8.1 5.8 7.7 7.9 12.8 8. 0 5.5 13.2 L0.4 11.6 7. 3 4.3 5. 1 7.3 13 .3 7.4 4.5 3.2 6.9 7.9 7 .8 4 .2 5. 8 .. 7 .4 6.6 7.0 12 .2 L0.5 13. 7 8.8 6. 1 6. L 7.9 4.6 [3. 1 4 .7: 5 . 1 9. 0 5.5 15.7 8.0 3.9 7.2 7.0 9 .3 7.9 4. 8 5.2 6.2 4.3 6.3 3.7 7. 9 .. .. 7.0 9.H 9 3 19. 1 4.8 22.5 13.6 9.9 LO . I 7.4 7. 3 10.7 6.3 7. 7 12.0 8. 1 14.2 12.0 5.2 7.1 5 .2 7.4 5.4 9.6 8.2 9. 1 5.2 7.8 4.2 8 . 10 . . . 5.8 7. 7 6.9 6.3 9.5 19.0 5.3 21.4 8 .1 12.0 15.9 9.9 7 .4 5.6 4.0 7.6 6.3 13 .2 4.4 8 .8 9. 3 7 .8 10. 3 12 .9 5. 7 8.6 9.6 7.2 7.3 4. 
11 . . .... 12. 1 7.5 5.8 8. 2 6.4 4.2 9.3 L0.4 4.1 8 .4 6.8 5.3 9.5 4.5 8.6 7 .1 7.2 [3.5 5 . 7 5.8 5.0 10 . 7 5.3 7. 6 6.1 4.2 8. 2 7. 1 4.2 6. 12 .. 5. 7 9. 1 12.5 12. 7 14.5 4.0 9.7 6. 7 7. 7 13.4 6.9 12.9 4.3 4. 1 11. 9 4 .2 8.3 l1 .o 3. 1 3.8 8. 2 9.2 4.4 9.8 4.2 4. I 5. 3 8 .2 5. 7 9. 13 . . 10.3 7.6 15.3 7.7 17. 7 3.4 9.9 8.5 9.8 15.3 7.5 [3 .2 7.3 3.7 12. 4 17 .8 6. 7 6.9 4.5 7. 7 12.2 5. 7 8 .3 6.8 11 .8 2.9 4 .9 6.4 9 .0 5 . H ... 12.3 7 .5 12 . 7 6.0 14. 7 5. l LO . l 5.9 15.5 14 .2 12.9 8 .1 11.4 6 .0 20 .0 17 .0 6.8 6.8 7.9 5.6 3 .6 8 .6 7.5 6.5 6. 0 4. 8 4.8 4.5 6.8 8. 15 ... 10.5 9.9 15.1 5.8 6.5 7. 9 7.2 8.4 8.6 15. 7 7.3 5.5 15.5 9.7 13.4 9.8 5.0 7 .5 6.3 5.9 4.6 6. 0 6 .1 8.6 2.6 4 .3 7. 7 8. 9 9. 5 7. 16 . . 10 .3 8. 6 16.1 8.8 4.4 5.6 10.6 16.6 11. 8 8 . 7 6.2 8. 7 4 .9 3.9 14.2 6.1 5.2 9 .8 5 .5 5. 7 4.3 7. 7 6.6 7. l 3 . 7 4. 7 9.6 6.6 3. 8 11. 
17 .... . 5.6 7.3 19. 2 L0.4 4.8 6.6 4.0 5 .8 5.2 L0.9 5.0 8.8 8 .1 7 .0 6. 1 4 .6 3.4 9. 0 4.7 11 .8 7.9 8.8 10.0 5 .0 7.9 2.9 5.4 6.6 7.0 LI. 18 . . . . 5. 1 7.2 9. 1 6. 5 4.0 10.5 5.3 5. 1 13.2 11. 5 15 .1 18. 2 8. 1 7.1 9.9 4. 8 4.1 9.8 3. 1 11.4 12.3 5.0 8 .5 6.0 5 .4 2.9 3. 4 1 l. 3 2.6 10 . 19 . . 1. 8 6.0 6.6 4.8 13.0 14.4 ll. 8 7.6 4.9 9.1 8 .8 10. I 10 .5 10.3 9.8 9. 7 3.6 5 .8 5.4 13 .1 7.2 7.1 7 .5 4. 3 5.2 3.5 11 .2 8.5 4.2 8. 
20 . .. . . 5.6 7. 7 12 .0 5.3 11 . 4 11.1 12 .0 5.8 10.5 9. 7 7 .9 4.5 6.2 5.6 15 .1 13.6 6.2 3 .9 2. 8 8 .2 7. 5 4.6 3. 8 5.6 5.6 7. 7 4. 9 7. 3 l.9 7. 
<1. . .. 7.5 8.0 15. 2 13.1 9. 4 ll .3 3.5 9.3 6. 0 11 .3 4.5 3 .8 7.6 4.6 ll .9 13.3 10.9 5.6 8. 6 2.8 6.2 9.4 L0 .9 7 .5 6 .0 10 .5 3. 7 8. l 3.4 5. 
2~ ...... 13.4 6. 1 10.8 13.7 6.2 12.2 10.9 10. 9 3.9 4.7 7. 7 7.0 6.8 5.6 16.8 9.0 7.9 8.6 6. 7 5.0 8.4 8 .4 12.6 6.3 6.0 10.8 3 .2 5.8 4.7 7. 
23 ...... 17 .9 7.9 12.6 l1 2 5.9 14 .5 8 .5 7.0 6. I 12.6 5 .1 7 .7 4.8 6. 7 [4 .8 ll.1 8.2 8 .9 6. 7 7. 1 6.4 5. 7 4.2 4.1 7.4 ll.6 5. l 8. 1 5. 1 3. 
24 . [5. 1 5.6 6.6 13.5 17.5 8.0 4 .9 9. 1 6. 9 6. 0 9.1 8.5 6. 4 4.9 8 .2 IL.I 7.6 3. 9 12.0 9.9 9. 1 8.6 7.9 6.9 9. 7 5 .6 10. I 3.5 2 .3 5 . ? - ll. 9 9.0 4 .9 13. 4 12. 7 7. 4 4.8 5.2 12. 3 15 .4 13.0 2.6 12.8 8.2 2.9 10.0 3.3 7. 0 L0.6 3.0 6. 1 7.6 6.4 5. 1 10.9 4. ~ 6. 7 10 .3 4. I 4 . ... a . ..... 
, 6 .. .. 19.4 7. 7 6. l 16.2 I0.0 7.9 8.4 5.3 6. 7 13. 1 10.1 4 .5 11 .2 7. 7 3.3 5.3 9. 1 11 . 1 6.2 7 .1 11 .3 10.4 7. 1 7.3 4 . 7 8 .0 12.3 6 .5 8.6 7. 
27 . . L0. 6 14.9 14.0 16.7 13.2 15. 7 6. 7 12. 0 LO. 7 9. 4 15. 7 8.4 3.2 8 .2 7.0 14.5 10.4 15.2 3.8 4.9 6. 7 6.3 4.5 7.6 3 .6 5. 7 7 .6 4.9 6.5 6. 
28 .... 9.6 7. 0 8. 3 4.9 6.6 15.8 7 .3 14. 7 2. 7 ll .6 10.6 3.5 2.9 8.9 14.4 13. 7 9 .6 17. 7 10.6 4.2 6. 7 5.6 6. I 5.8 8.8 6.6 8 .1 12. I 8.7 3 . 
29 . . .. . 5.4 17 .0 10. 8 ll . 7 14.6 14.5 5 .0 12.9 8.5 10.4 L0. 9 8. 6 9.8 6.5 14.4 17.8 10.9 7. 2 4. 7 9. I I. 7 II .9 7.9 7.8 10.8 IL. 9 7.4 lJ. 8 7 .6 6. 
30 ... 5.4 12.6 5.1 15.9 7 . 1 12. 7 14 . 7 18.5 6. 9 4.3 17 . I 8.0 2.1 3.2 7. I 18.9 11.1 7.2 6.1 7 .0 4.3 6.8 5.2 5.8 16.2 6.5 5 .5 4.0 ti. 7 4. 
31 ..... 21.0 7.2 7.8 11. 8 6.7 4.3 7.0 LO.O 7. 3 4.1 4.9 5.4 3.5 12. 8 9.8 7 .6 3.2 6. 
Av. ~~~~~L0.7~~~10.5~~~~10~~~~~~~~~~~~~~~~ 
* In cooperation wit h the office of Physical Investigations, B ureau of Plant Industry, Washington, D. C. 
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